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Graphitization of Cementite in Cupola White lront 


By N. A. Zrecuer, W. L. Mervnart ann A. J. DEACON, Cuicaco, ILL. 


1. 


Abstract 


The authors have made a study of the expansion of 
cupola white iron, during the malleablizing process, by 
means of a dilatometer for the purpose of enhancing 
present basic knowledge with regard to the mechanism of 
graphitization of white iron. The iron selected for the ex- 
periments had a composition as follows: Total carbon, 3.16 
per cent; combined carbon, 2.98; graphitic carbon, 0.18; 
silicon, 0.91; manganese, 0.47; sulphur, 0.092; and phos- 
phorus, 0.17. The information obtained on the growth of 
this white iron during the malleablizing cycle is correlated 
with the graphitization phenomena not only by means of 
dilatometer experiments but also through microexamina- 
tion and chemical analysis. The authors confirm the work 
of previous authors on initial growth and the temperatures 
at which it occurs and determined that, in these experi- 
ments, only the excess cementite and limited amounts of 
carbon held in solution by austenite, are graphitized during 
the first stage graphitization. They also determined that 
the most efficient method of carrying the reduction of 
pearlite to ferrite and graphite during the second stage 
graphitization is to reduce the temperature within the 
eutectoid range in steps. They have also determined that 
first and second stage graphitization phenomena are rep- 
resented by isothermal “S” curves. The data accumulated 
by the authors point out that by proper adjustment and 
regulation of the heat treating cycle of cupola white iron, 
a wide range of physical properties is obtainable in the 
resultant materials. 


INTRODUCTION 


Most of the metallurgical problems connected with the 
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450 GRAPHITIZATION IN CUPOLA WHITE Iron 


manufacturing of malleable castings may be divided into two broad 
groups: 


(1) To produce white iron castings in which all (or, 
perhaps, more correctly, ‘‘ practically all’’) of the carbon would 
be present in combined (iron-carbide) form, and 


(2) To subject these castings to malleablizing heat treat- 
ment, during which all (or nearly all) of the combined carbon 
would break up into metallic iron (ferrite) and graphitic 
temper-carbon, thus making such castings soft and ductile. 


2. In performing the latter operations, the chemical instability 
of carbide of iron, or iron and manganese (cementite), and its 
tendency, under favorable circumstances, to break up is utilized.* 


3. It is general knowledge that one of the determining factors 
of this process is the chemical composition of the metal. Previous 
investigators? have demonstrated that even small changes in com. 
position affect the results of malleablizing treatment to a consider- 
able extent, so that experiments performed on one type of iron 
ean be applied to another only with the introduction of certain eor- 
rection factors. 


4. We have selected as our working material, commercial, 
eupola-white-iron tensile test bars about 5 -in. in diameter, and 
6 X 1 X #-in. torsion test strips***, all cast from the same ladle, 
thus insuring reasonable chemical uniformity. The chemical analysis 
of this metal, which is a rather typical composition of cupola malle- 
able, is presented in Table 1 and the microstructure in Fig. 1. One 
may note that it contains 0.18 per cent graphitic carbon (out of a 
3.16 per cent total). These graphite particles were too small to be 
observed under the microscope, but, no doubt, have acted as nuclei 
of graphitization in the experiments now to be presented. 


Table 1 


CoMPosITION OF CUPOLA WHITE IRON 


Graphitic Combined Total 
Silicon, Manganese, Sulphur, Phosphorus, Carbon, Carbon, Carbon, 
Per Cent Per Cent Per Cent Per Cent Per Cent Per Cent Per Cent 
0.91 0.47 0.092 0.17 0.18 2.98 3.16 


* Wells’ presents a rather complete survey of previous work and general conceptions 
of various authorities regarding the instability of cementite and the phenomenon of 
graphitization, as well as his own experimentation and conclusions. 


*** Special torsion or twist test used for control of ductility of cupola malleable. 
‘Superior figures refer to bibliography at end of paper. 
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Fic. 1—Orictnat Wuirte Iron EtcHep in Nirat, x150. 


5. From the results of previous investigators, particularly 


those of Boegehold* and Schneidewind and White‘, one can readily 
conclude that graphitization of white iron occurs in two stages: 


b 


1. ‘‘First stage graphitization,’’ or graphitization of the 
excess cementite, the rate of which is determined by the tem- 
perature above the transformation range, the most efficient one 
being 1700-1800°F. (930-980°C.). 


9 seg 


Second stage graphitization,’’ or graphitization of 
pearlite, which takes place in, and just below, the eutectoid 
range, i.e., about 1300-1350°F. (700-730°C.)*. 


? 


6. With this information in mind, and using the above white 
iron bars as experimental material, a series of dilatometer** experi- 
ments were performed, the object of which was to enrich our basic 
knowledge regarding the mechanism of graphitization of white iron. 


*It should be remembered that in complex alloys, such as commercial cast irons, 
the eutectoid reaction is spread over a range of temperatures. 

** All thermal experiments have been performed by means of an E. leitz universal 
dilatometer, in which a specimen 50 mm. long by 4 mm. diameter, enclosed in high 
vacuum (to eliminate scaling and decarburization), automatically records, by photo 
graphic means, its own thermal curve. A new specimen, machined from white iron of 
composition specified in Table 1, was used in each of the experiments now to be 
described. All dilatometer curves presented in this paper are tracings of automatically 
recorded photographic curves, traced over the ecslibration net. In ech case, the 
abscissa represents temperature in °C., and the ordinate thermal expansions and con- 
tractions in tenths of a millimeter (0.1 mm.). 
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7. It is fully appreciated by the authors that their method of 
attack is not new? and that their results can be applied directly 
only to the metal of the specified composition. Nevertheless, it is 
felt that the facts presented give at least a qualitative picture of 
what takes piace during malleablizing of any white iron. 


First STAGE GRAPHITIZATION 


8. Figure 2 is a heating-cooling curve of this iron, in which 
the specimen was heated to 1800°F. (980°C.) in 2 hours and then 
cooled to room temperature in 5 hours, 1#.e., at the rate of about 
6.0°F. (3.5°C.) per min. It may be noted that the Ac; point in this 
material occurs at about 1400°F. (760°C.) and Ar, at 1240°F. 
(670°C.). It is apparent that very little (if any) permanent growth 
occurred in this case. However, it was quickly found that, in the 
ease of longer-time dilatometer experiments, i.e., if the specimens 
were maintained at any temperature over 1650°F. (900°C.) for 
several hours, the growth of the metal became quite appreciable*. 


9. According to present and previous? observations, this 
growth is a direct result of a graphitizing process, and thus can 
be considered as a ‘‘yardstick’’ for the latter. 


10. At the start, the following set of experiments was per- 
formed. Individual white iron samples were heated in the dila- 
tometer to 1900, 1800, 1690, 1650, 1600, 1560 and 1470°F. (1040, 
980, 920, 900, 870, 850 and 800°C.) at the rate of 15°F. (8.5°C.) 
per min. After any of these desired temperatures had been reached, 
the specimen was held there for 5 hours. Immediately upon reach- 
ing the temperature, the dilatometer light was shut off and then 
was automatically switched on at predetermined time intervals. At 
the end of the constant temperature-time period, the light was 
switched on again and the specimen withdrawn from the furnace 
and cooled to room temperature in air at the rate of 90°F. (50°C.) 
per min. Curves thus obtained are compiled in Fig. 3 and, in each 
case, a series of dots are shown, the distance between which rep- 
resents the growth over given time periods. 


11. The growth observed in each of these experiments has 
been measured directly from the dilatometer curves and plotted as 


*In fact, it becomes so appreciable that the dilatometer curve runs off the film. 
For this reason, and in view of the fact that we were not particularly interested in 
the heating curves, the instrument was adjusted so that the heating curves entered 
the field of the film at about 1470-1650°F, (800-900°C.), thus leaving plenty of space on 
the film to record expansions occurring later on. This method of recording thermal 
expansion curves was udopted in all experiments now to be described. 
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a function of time (Fig. 4). Each of these dilatometer specimens 
has been subjected to microexamination, and Figs. 5 to 10 represent 
their microstructures. 


12. It can be seen readily that, in addition to graphite and 
pearlite, the 1900°F. (1040°C.) specimen (Fig. 5) shows a network 
of the excess (hyper-eutectoid) cementite. The latter was in solid 
solution with austenite during the experimental period, and was 
precipitated during cooling to the eutectoid temperature. The rate- 
of-graphitization-curve for this run (Fig. 4) reaches equilibrium 
within the heating period and the first hour at temperature. Beyond 
that, it becomes a horizontal line. 


13. In the 1800°F. (980°C.) specimen (Fig. 6), graphite, 
pearlite and very small amounts of free ferrite associated with the 
precipitated graphite are observed. The rate-of-reaction-curve for 
this run (Fig. 4) indicates, within the first hour, a smaller amount 
of growth than in the preceding experiment. Within the subse- 
quent 4 hours, this curve comes to a value higher than indicated by 
the 1900°F. (1040°C.) eurve. 
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Fic. 5—PHOTOMICROGRAPH OF WHITE IRON DiLaTOMETER SPECIMEN MAINTAINED For 5 Howks 
AT 1900°F. (1940°C.) anp Coo_ep 1n Arr. Etcnep In NITAL, x150. 





Fic. 6—P HoromicrocrarH or Wuire Iron Ditatomerer SPECIMEN MAINTAINED For 5 Howns 
aT 1800°F. (980°C.) anp Coo_ep in Arr. Etcnep 1n Nira, x150. 
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Fic. 7—PHoToMicroGRAPH OF Wuire Iron DiLaToMETER SPECIMEN MAINTAINED FoR 5 Hours 
aT 1690°F. (920°C.) ann Coo_ep rn Arr. EtcHep In NiTaL, x150. 


14. In the structure of the 1690°F, (920°C.) specimen (Fig. 
7), likewise onl; graphite, pearlite, and small amounts of free fer- 
rite likewise are found. In addition small particles of free cementite 
ean be detected. Its rate-of-graphitization-curve (Fig. 4), during the 
first hour, indicates a still slower reaction rate, but over the 5-hour 
period, comes to a value higher than the two preceding curves. 

15. With the temperature of graphitization decreasing from 
1900 to 1690°F. (1040 to 920°C.), the reaction-rate also decreases, 
but its progress is more and more complete. This is natural to 
expect if it is remembered that cementite is easier to graphitize 
than carbon held in solid solution by austenite. At 1690°F. 
(920°C.), the dissolving capacity of austenite for carbon is lower 
than at 1900°F. (1040°C.) and the amount of free cementite 
must be higher. This causes graphitization at lower temperatures 
to proceed further, although at a considerably slower rate than at 
higher temperatures. 

16. In the 1650°F. (900°C.) specimen (Fig. 8), the amount 
of undecomposed free cementite is rather appreciable, which is 
caused by a still slower graphitization rate, indicated by the cor- 
responding curve of Fig. 4 and by its strong upward slope. 

17. An abrupt drop in the rate of graphitization occurs be- 
tween 1650°F. (900°C.) and 1600°F. (870°C.). The 1600 and 
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1560°F. (870 and 850°C.) curves (Fig. 4) indicate that after 5 
hours at these temperatures, the specimens only commenced to 
grow, Which is also substantiated by the microstructure of the 
1600°F. (870°C.) specimen (Fig. 9), which contains appreciable 
amounts of undecomposed free cementite. However, should time 
periods at these temperatures be extended, these curves, no doubt, 
would reach values of the same order of magnitude as those indi- 
cated by the higher temperature curves. 


18. Finally, at 1470°F. (800°C.), the dilatometer curve does 
not indicate any growth at all (Fig. 4). Microscopically, only slight 
traces of graphitization can be observed in this specimen (Fig. 10), 
which apparently are too insignificant to be detected by the dila- 
tometer. 

19. Several experiments have been performed in which 
dilatometer specimens have been kept at temperatures above the 
eutectoid for longer time periods, such as about 100 hours. These 
experiments demonstrate that, under normal conditions at such 
temperatures, only the excess cementite and limited amounts of 
earbon held in solid solution by austenite can be graphitized. 
Nevertheless, a certain amount of re-solution of precipitated 
graphite and redistribution of dissolved carbon, resulting in such 
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Fic. 9—PHoromMicrocraPH oF Wuire Iron DiLaTOMETER SPECIMEN MAINTAINED FoR 5 Hours 
aT 1600°F, (870°C.) aNp Coo_ep rn Arr. EtcHep In Nita, x150. 
structures as ‘‘bull’s eyes’”®, also may be expected. At any rate, 
the original dendritic pattern always disappears as soon as the 

eutectic cementite is graphitized. 





Fic. 10—PHoromicrocrapH or Waitre Iron DitaToMeTeR SpecIMEN MAINTAINED For 5 
Hours at 1470°F, (800°C.) anp Coo_tep ry Arm. EtcHen In Nivat, x150. 
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SECOND STAGE GRAPHITIZATION 


20. The next step in this work was to determine the highest 
temperature at which the second stage graphitization commences. 
Several experiments were performed in this connection, only one 
of which will now be deseribed (Fig. 11). A specimen was heated 
to 1900°F. (1040°C.) and maintained for 5 hours; cooled, at the 
rate of about 6°F. (3.5°C.) per min., in steps to 1800, 1690, 1650, 
1560, 1470 and 1380°F. (980, 920, 900, 850, 800 and 750°C.)*; at 
each of these temperatures, the specimen was held for 5 hours; 
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Fic, 11—Di_atomerer Curve INpICATING THE First StaGE GRAPHITIZATION aT 1900°F. 
(1640°C,) AND THE BEGINNING OF THE SECOND STAGE GRAPHITIZATION aT 1880°F, (750°C.). 
MicroGRaPH IN Upper Lerr Hanp Corner. EtcHep In Nirat, x150. 


*In view of the fact that the previously described experiments have shown more 
growth (graphitization) at temperatures lower than 1900°F. (1040°C.), it was 
that some additional graphitization, detectable by the dilatometer, could be produced 
by such intermittent cooling. This, however, was not the case (Fig. 11). In all 
probability, if there was any additional graphitization, it occurred during the cooling 
from one temperature to the other (down to 1880°F. or 750°C.), rather than during the 
constant temperature periods. 
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Fic, 12—Di_atometer Curve INpicATING GRowTH OF WHITE IRON aT 1800°F, (980°C.)— 
First STaGe GRAPHITIZATION—AND IN THE Evutectroip RANGE—SECOND STAGE GRAPHITIZATION, 
MicroGRaPH IN Lower Lerr Hanp Corner. ErcHep 1N Nira, x1000. 


after that it was air-cooled (by withdrawing the furnace) at the 
rate of about 90°F. or 50°C. per min. to room temperature. 

21. Similarly, to one of the previous runs performed at the 
same temperature (Fig. 3), growth at 1900°F. (1040°C.) reached 
its maximum in the first hour. On cooling down and holding at 
the intermediate temperatures, no additional growth can be observed 
until 13880°F. (750°C.) has been reached. At this temperature a 
slight secondary growth, manifested the commencement of the sec- 
ond stage graphitization. 

22. The structural characteristics of this specimen are in- 
eluded in Fig. 11. The ferritic network, which, no doubt, was 
formed at 1350°F. (750°C.), is in evidence. This experiment places 
the upper boundary of the transformation range in this iron at 
about 1380°F. (750°C.). 


23. The following is a typical one of a series of experiments 
which were performed with the object of getting a better picture 
of the mechanism of the second stage graphitization (Fig. 12). A 





SN 


N. A. ZIEGLER, W. L. MEINHART AND A. J. DEACON 461 


specimen was heated to 1800°F. (980°C.) maintained at this tem- 
perature for 20 hours, cooled at the rate of about 6°F. (3.5°C.) 
per min. to 1325°F. (717°C.), maintained for 10 hours, cooled to 
1300°F. (704°C.),. maintained for 10 hours, and air cooled at the 
rate of 90°F. or 50°C. per min. to room temperature. The strong 
growth at 1325-1300°F. (717-704°C.) is a manifestation of the 
second stage graphitization. 


24. The structure of this specimen is included in Fig. 12. 
It is composed of ferrite (predominating), temper-graphite, and 
small amounts of partially spheroidized pearlite, better revealed at 
higher magnifications. 


25. The next step was to determine conditions necessary for 
complete graphitization of all carbon present. The following 
(Fig. 13) is a typical experiment performed in this connection. A 
specimen was heated to 1800°F. (980°C.), maintained at this tem- 
perature for 5 hours, cooled at the rate of about 6°F. (3.5°C.) to 
1380, 1350, 1290, 1200. 1160 and 1110°F. (750, 725, 700, 650, 62 
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and 600°C.) maintained for 5 hours at each of these temperatures, 
and air cooled at the rate of 90°F. or 50°C. per min. to room 
temperature. 


26. The second stage graphitization commenced at 1380°F. 
(750°C.). Its major part took place at 1350°F. (725°C.), a slight 
additional graphitization at 1290°F. (700°C.) and, perhaps, at 
1200°F. (650°C.). At lower temperatures, no additional growth 
could be observed. 


27. The structural characteristics of this specimen are in- 
eluded in Fig. 13. It is composed of ferrite and graphite, with only 
a trace of carbides being in evidence at high magnifications. It thus 
appears that the most efficient way to bring the second stage 
graphitization to completion is to lower the temperature within the 
eutectoid range in small steps. Attempts to duplicate the results 
of this run, by holding the sample at a constant temperature within 
or just below the euiectoid range for various time periods, have 
failed: the resultant structures in all cases would contain some 
combined carbon in amounts represented by Fig. 12 or higher. 


28. The conclusion which may be derived from these experi- 
ments is that graphitization of pearlite progresses most rapidly 
just at, or simultaneously with, its formation from austenite. At 
the upper temperatures of the eutectoid range, such as 1380°F. 
(750°C.), the total amount of pearlite formed is small and conse- 
quently graphitization is likewise limited. At the lower temper- 
atures of the eutectoid range, formation of pearlite is more rapid 
than is necessary for efficient graphitization. Hence, step-by-step 
cooling through thé transformation range appears to be most 
desirable. 


29. Points representing first and second stage graphitization 
on five independent dilatometer films were analyzed similarly to 
the five-hour runs previously discussed (Fig. 4), and the results 
indicating the graphitization-rate are plotted in Fig. 14. During 
the first-stage-graphitization, the linear dimensions of the specimens 
increase by 1.2 to 1.5 per cent. During the second stage graphitiza- 
tion an additional growth, amounting to another dimensional in- 
crease of 0.3 to 0.6 per cent, takes place. The total growth, due to 
complete graphitization, thus amounts to about 1.7 to 2.1 per cent 
of the original linear dimensions. Greater accuracy of such 
measurements would be difficult to obtain because of small varia- 
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tions in the chemical analysis from one specimen to another, and 
because of the directional properties of the component dendritic 
units. 


30. It may be noted that some of the second-stage-graphitiza- 
tion-branches of curves of Fig. 14, have a break. In each case, it 
corresponds to the time when the temperature was reduced within 
the eutectoid range, and confirms a former statement that such a 
temperature reduction speeds up the second stage graphitization. 


31. It may be mentioned in passing, that maintaining di- 
latometer specimens at or below the eutectoid transformation range, 
t.e., 1110-1380°F. (600-750°C.), without preliminary preheating to 
higher temperatures, did not result in any graphitization or growth. 
This confirms a previously expressed opinion that a certain amount 
of the first stage graphitization at a high temperature is quite 
essential to promote a reasonably fast rate of the second stage 
graphitization. 
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ANALYSIS OF RESULTS 


32. The rate-of-graphitization-curves (Figs. 4 and 14) are in 
a fair agreement with those by Schwartz®, derived from micro- 
scopic studies and chemical analyses of quenched samples. One 
eannot pass by them without noticing their similarity to the well- 
known ‘‘S’’ curves by Davenport and Bain‘ representing the rate 
of decomposition of austenite at various temperatures. It thus is 
logical to conclude that these are isothermal rate-of-reaction curves, 
and could be subjected to the same analysis as austenite ‘‘S”’ curves 
were subjected by Austin and Rickett*. This was tried and it has 
been found that, when plotted on log-probability coordinates, using 
time as abscissa and percentage of the total growth as ordinate, 
eurves of Figs. 4 and 14 become nearly straight and parallel lines. 
Using these data, we have computed that the value of activation 
or diffusion energy of the graphitization process, Q, is equal to 
98,000 ealories per gram mol., which is the same general order of 
magniture as energies of other solid-solution-diffusion processes 


33. The graphitization of cementite probably is another dif- 
fusion phenomenon, in the same sense as is ‘‘austempering”’ or 


ave-hardening 


PHYSICAL PROPERTIES OF PRODUCTS OF GRAPHITIZATION OF 
WuiteE [Ron 

34. Several experiments were performed in trying to corre- 
late the findings of dilatometric and metallographic studies with 
physieal properties of the resultant materials. A representative 
experiment, now to be described, has been selected, not because it 
is the most successful in the sense of obtaining unusually high phy- 
sical properties, but because it is most complete and, together with 
the previously discussed dilatometer experiments, is the best illus- 
tration of processes taking place in the malleablizing furnaces. 
Again it should be understood that, quantitatively, this experiment 
represents only one iron and one malleablizing cycle. Qualitatively, 
however, it may be regarded as an illustration of what happens to 
any white iron, when it is malleablized in almost any type of 
furnace. 


35. A laboratory electric furnace was loaded with twenty-six, 
5g-in. diameter tensile test bars and twenty-four, 6 K 1 X #y-in. 
flat torsion test strips and heated to 1800°F. (980°C.). It was 
maintained at this temperature for 12 hours and then cooled in 














LBS./SQ.IN 
80,000 





4 E& Cerrrerry 


t+ + $ ff 


‘ I YNMOMNMOMMN 




















Van am; 


yoy 






















































































COMBINED PERCENTAGE OF TOTAL CARBON 








I | [ | 





PER CENT COMBINED CARBON 








| 











BRINELL NS 
500 








BRINELL 








|_ SKIN. 











CORE. 




















CHEMICAL ANALYSIS 
Si Mn § P . TOTAL C 





0.91 041.0092 0.17 3.16 




















TENSILE STREN 













































































60 


40 


20 


3ATION 


_ 
I 


S%o ELON! 


© 


@ 


rw 


60,000 


40,000 


30,000 





















































| ") U TENSILE STRENGTH 
— t ‘ 
= YIELD POINT 
= | | 
. | 
S/o TORSION 
















































































¥, % ELONGATION 
’, die, 
wr i CHART INDICATING PHYSICAL PROPERTIES AND 
ee CARBON CONTENT OF MALLEABLE IRON SPECIMENS, 
| ed WITHDRAWN FROM THE FURNACE AT VARIOUS 
2 TEMPERATURES OF MALLEABLIZING CYCLE 
ae = 0 peas Tee 














Pak 






600 400 200 


Fic. 15—PuysicaL PrRopeRTIES AND CARBON CONTENT OF MALLEABLE IRON SPECIMENS, 
WITHDRAWN FROM THE FuRNACE aT Various TEMPERATURES OF MALLEABLIZING CYCLES. 











N. A. ZIEGLER, W. L. MEINHART AND A. J. DEACON 465 


Table 2 


Heat TREATMENT OF TENSILE AND Torsion Test Bars USED IN 
EXPERIMENT TO DETERMINE PHYSICAL PROPERTIES OF 
GRAPHITIZATION PrRopucts OF CUPOLA WHITE IRON 


No. Bars* 


Withdrawn 
Heating and Cooling Cycles Tensile Torsion 
1. 26 tensile and 24 torsion test pieces heated 
to 1800°F. 

2. Maintained at 1800°F. for 6 hrs........... 2 2 
3. Maintained at 1800°F. for 6 hrs........... 2 2 
4. Cooled to 1500°F. 

5. Maintained at 1500°F. for 1 hr............. 2 2 
6. Cooled to 1450°F. 

7. Maintained at 1450°F. for 2 hrs........... 2 2 
8. Cooled to 1400°F. 

9. Maintained at 1400°F. for 3 hrs......... ; 2 2 
10. Cooled to 1375°F. 

11. Maintained at 1375°F. for 3 hrs............ 2 2 
12. Cooled to 1350°F. 
13. Maintained at 1350°F. for 3 hrs............ 2 2 
14. Cooled to 1325°F. 

15. Maintained at 1325°F. for 3 hrs............ 2 2 
16. Cooled to 13800°F. 
17. Maintained at 1300°F. for 3 hrs............ 2 2 
18. Cooled at 1275°F. 
19. Maintained at 1275°F. for 3 hrs............ 2 2 
20. Cooled to 1250°F. 
21. Maintained at 1250°F. for 3 hrs.......... os 2 2 
22. Furnace cooled to room temperature in 8 hrs. 4 2 
cs a wins 9. GSM eae walemanaal 44 hrs, 


* All test bars and torsion test pieces cooled in air to room temperature after with 
drawal from furnace, except those furnace cooled in No, 22. 
steps to room temperature. The exact time and temperature sched- 
ule of this experiment is given in Table 2. At predetermined time 
and temperature intervals, two tensile and two torsion test pieces 
were withdrawn from the furnace and cooled to room temperature 
in air. During the entire experimental procedure, the furnace was 
flooded with commercial nitrogen, to prevent, as much as possible, 
excessive scaling and decarburization. 


36. All test pieces thus assembled, were subjected to physical 
testing, microexamination, and chemical analysis for total, graphitie 
and combined carbon. 


37. The resultant test data (as a function of temperature and 
time) are graphically represented in Fig. 15. Along the lower edge 
of this chart are indicated temperatures at which the given speci- 
mens have been withdrawn from the furnace, and along the upper 
edge—time periods at these temperatures. Photographs of the 
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fractures of the corresponding specimens, illustrating changes oc- 
curring in the metal during malleablizing, also are incorporated in 
this chart. Figures 16, 17 and 18 are photomicrographs of some of 
the representative tensile test specimens. 


38. Along the left-hand ordinate of Fig. 15, the physical 
properties and carbon content of the original white iron (Table 1, 
Fig. 1) are given. This metal has a tensile strength of 30,000 Ib. 
per sq. in., about 500 Brinell hardness, and is lacking of any duc- 
tility, as measured by the yield point, elongation, or torsion. 
Practically all of its carbon is present in combined form. 


39. Holding this material for only 6 hours at 1800°F. 
(980°C.), raises its tensile strength to about 60,000 Ib. per sq in. and 
reduces its hardness to about 350-400 Brinell. Its ductility is still 
too low to be measured by yield point or elongation. Torsion test, 
however, indicates a certain amount of ductility. About 55 per cent 
of its carbon is present in combined form, which is substantiated 
by its structure (Figure 16—Top), revealing, in addition to some 
temper carbon, a rather appreciable amount of undecomposed 
cementite 


40. An additional 6 hours at 1800°F. (980°C.), raises the 
tensile strength of the metal ‘to over 75,000 lb. per sq. in. and 
reduces the hardness to 200-250 Brinell. The metal still has no 
definite yield point or elongation, but its ductility, as measured 
by torsion, increases. Its combined carbon decreases to about 1.5 
per cent, or 50 per cent of the total. In the resultant structure 
(Fig. 16—Bottom), small amounts of carbide still ean be observed. 


41. Cooling the metal down to 1500°F. (820°C.) and holding 
it there for 1 hour, raises its tensile strength to nearly 80,000 Ib. 
per sq. in. Now its ductility is considerably increased: it has a 
definite yield point of 72,000 lb. per sq. in., elongation of 1.5 per 
cent, and torsion of 50 per cent, associated with a rather low 
hardness of 250 Brinell. Its combined carbon decreases to 0.8 per 
cent, or 30 per cent of the total. The resultant structure of this 
test bar, represented in Fig. 17, is composed of pearlitic back- 
ground, temper graphite and a small amount of free ferrite, asso- 
ciated with the temper carbon. 


42. Maintaining the metal at 1450°F. (790°C.) causes a slight 
decrease in the tensile strength (down to 77,000 lb. per sq. in.) and 
of the yield point (down to 68,000 Ib. per sq. in.), but its ductility 
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(as measured by elongation and torsion) and hardness are nearly 


the same as before. The amount of combined carbon likewise re- 
mains nearly the same (0.8 per cent, or 30 per cent of the total), 
and its structural characteristics still are similar to those of Fig. 17. 
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Fic. 16—First Stace GRaPHITIZATION IN THE Test Bars. ErcHep tN Nitat, x150. Top— 
WITHDRAWN FROM THE Furnace Arrer 6 Hours at 1800°F. (980°C.). Borrom—W1THDRAWN 
FROM THE Furnace AFTER 12 Hours at 1800°F. (980°C.). 
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Fic. 17—First Stace GrapHitizaTION IN THE Test Bars. EtcHep IN Nita, x150. 
WITHDRAWN FROM Furnace AFTER 1 Hour at 1500°F, (820°C.). 


43. Until now, we have been dealing with the phenomenon of 
the first stage graphitization. The structural characteristics of the 
test bars consisted of pearlitic background, temper graphite, and 
varying amounts of free cementite. It may be noted that, in the 
case of the dilatometer experiments, graphitization of the excess 
cementite at 1800°F. (980°C.) was finished in 5 hours (Fig. 6), 
while in the case of test bars, 12 hours were required to complete 
this process (Fig. 16—Bottom). This difference may be explained 
by the larger mass of the test bars. Moreover, the fact that cooling 
from 1800°F. (980°C.) to 1500°F. (820°C.) and holding at the 
latter temperature for only one hour, markedly reduced combined 
carbon, thus developing a certain amount of ductility in the metal, 
substantiates the previous statement regarding more complete 
graphitization of the excess cementite at lower temperatures, on ac- 
eount of decreasing solid-solubility of carbon in austenite. 

44. Cooling of the metal to 1400°F. (1760°C.) and holding 
it there for 3 hours, results in a decrease of the tensile strength and 
yield point to 71,000 and 57,000 lb. per sq. in., respectively, an in- 
crease of the elongation and torsion to 2.5 and 70 per cent respec- 
tively, reduction of hardness to 220-240 Brinell, and reduction of 
eombined carbon to 0.7 per cent (or 28 per cent of the total). 

45. This rather drastic decrease in the tensile strength and 
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yield point and increase of ductility is explained by the structural 
sharacteristics of the latter specimen (Fig. 18—Top), showing a 
small excess of free ferrite and thus indicating the beginning of 
eraphitization of pearlite or second-stage graphitization. This 











Fic. 18—Srconp Stace GRAPHITIZATION IN THE TEsT Bars. ErcHED IN Nitat, x150. Top— 
WITHDRAWN FROM THE FuRNACE AFTER 8 Hours at 1400°F. (760°C.). Borrom—WiITHDRAWN 
FROM THE Furnace Arter 8 Hours at 1275°F. (690°C.). 
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structure is quite comparable to that of the corresponding dila- 
tometer specimen (Fig. 11) air cooled from 1380°F. (750°C.). 


46. From this temperature down to 1275°F. (690°C.), we 
study the second stage graphitization. Structurally, it is manifested 
by a decrease of pearlite down to that represented in Fig. 18— 
Bottom. The resultant change in physical properties (Fig. 15) 
amounts to a gradual further decrease of the tensile strength and 
yield point to 47,000 and 35,000 Ib. per sq. in., respectively, decrease 
of the hardness to 150 Brinell, increase of ductility to 7 per cent 
elongation and 100 per cent torsion, and decrease of combined ear- 
bon to 0.2 per cent (or 7 per cent of the total). 


47. Maintaining of the specimens at temperatures below 
1275°F. (690°C.) did not, to any appreciable extent, change the 
physical propertics or structural characteristics any further, so 
that specimens withdrawn from the furnace at 1275°F. (690°C.) 
and those slowly cooled to room temperature, for all practical 
purposes, were identical. 


48. It is apparent, from Fig. 15, that specimens withdrawn 
from the furnace in the temperature range from 1500°F. down to, 
perhaps, 1350°F. (820 to 730°C.) may be considered as different 
grades of ‘‘pearlitic malleable’’ with the corresponding physical 
properties ranging from 80,000 to 65,000 lb. per sq. in. tensile 
strength, 72,000 to 50,000 lb. per sq. in. yield point, 1.5 to 3 per 
cent elongation, 45 to 80 per cent torsion and 0.8 to 0.4 per cent 
combined carbon (30 to 20 per cent of the total). Corresponding 
structural characteristics are represented in Figs. 16, 17 and 18 
(Top). 


49. In this particular experiment, the structure of the most 
ductile specimen (Fig. 18—-Bottom) still contains some undecom- 
posed iron carbide and is comparable to that of the corresponding 
dilatometer sample (Fig. 12). To develop still higher ductility, 
the heat treating cycle and the structure of Fig. 13 should be re- 
produced. This can be accomplished by prolonging and uniformly 
distributing the time period in the transformation range, from 1400 
to 1270°F. (760 to 680°C.). 


SUMMARY 


50. The experiments and data recorded in this paper by the 
authors may be summarized as follows: , 
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1. Relationship between growth and graphitization of 
cupola white iron at elevated temperatures has been investi- 
gated by means of dilatometer experiments, microexamination, 
and chemical analysis. 


2. Within experimental time periods initial growth is 
observed only at temperatures over 1560°F. (850°C.). It pro- 
gresses reasonably fast at temperatures over 1650°F. (900°C.). 


3. At temperatures above the eutectoid range, only the 
excess cementite and limited amounts of carbon held in solid 
solution by austenite, are graphitized. This is designated as 
‘*first stage graphitization.’’ 


4. In the temperature range of 1690-1800°F. (920- 
980°C.), graphitization progresses at a slower rate than at 
higher temperatures, but, since less carbon is held in solid 
solution, graphitization is more complete. 


5. To earry graphitization to completion, high temper- 


ature treatment must be followed by a second stage graphitiza- 
tion in the eutectoid temperature range. 


6. Second stage graphitization progresses most rapidly 
and completely simultaneous with the formation of pearlite 
from austenite. Hence, the most efficient way to carry it to 
completion is to reduce the temperature within the eutectoid 
range in steps. 


7. As pointed out by previous investigators, no graphiti- 
zation occurs in the eutectoid temperature range in reasonably 
short time periods, unless preceded by first stage graphitiza- 
tion at higher temperatures. 


8. First and second stage graphitization phenomena are 
represented by isothermal ‘‘S’’ curves. 


9. Dilatometric data have been utilized for scheduling 
some heat treating experiments, using white iron test bars as 
working material. By properly adjusting and regulating the 
heat treating cycle, quite a wide range of physical properties is 
obtainable in the resultant materials. 
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DISCUSSION 


Presiding: C. F. JosePH, Saginaw Malleable Iron Div., General Motors 
Corp., Saginaw, Mich. 


Dr. SCHNEIDEWIND!: I was very much interested in one point in 
Mr. Ziegler’s paper, particularly that slide where he shows some pro- 
eutectoid carbides, which I think are not so frequently run across. 
Theoretically, we should get pro-eutectoid carbides if we permit a speci- 
men to cool in air from a high temperature, but evidently the rate of 
graphitization is great enough that this happens infrequently. All the 
other slides that were shown did not have that pro-eutectoid carbide 
in them. 


1 Associate Professor of Metallurgy, University of Michigan. 
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I would like to ask Mr. Ziegler if he ascribes the difference in 
graphitization rate between the test bars and the dilatometer bars as 
due to mass. Were those dilatometer bars ground from white iron test 
bars or were they cast smaller? If they were cast smaller, the effect 
of cooling rate in the mold might have some effect. 


Mr. ZIEGLER: First, I would like to answer the question regarding 
the pro-eutectoid carbides. It is obvious that when metal is soaked at 
1900°F. austenite can hold more carbon in solid solution than when 
soaking is performed at 1800° or 1750°F. Carbon held by the austenite 
in the state of solid solution is graphitized only with considerable diffi- 
culty, if at all. Consequently, on relatively rapid cooling, in the range 
between the soaking temperature and the eutectoid temperature, part 
of the dissolved carbon is precipitated from solid solution as pro-eutec- 
toid cementite, following the slope of the A,,, line. The amount of this 
cementite is directly proportional to the soaking temperature. The 
effect of mass is the only explanation I can think of which may account 
for the complete elimination of eutectic carbides in the 4 mm. pencils 
by 6 hrs. soaking at 1800°F. whereas, some free cementite remained 
in the %-in. round bars given the same treatment. 


Dr. SCHNEIDEWIND: Could you tell me how they were machined? 
Mr. ZIEGLER: They were ground in the lathe. 

Dr. SCHNEIDEWIND: Was any cooling medium used? 

MR, ZIEGLER: Yes. 


Dr. SCHNEIDEWIND: I think I have another possible explanation in 
that case. We are making some tests on white irons. One set of samples 
were cut on a rubber wheel and the samples were cooled by a commer- 
cial coolant. These samples showed complete first-stage graphitization 
in one-half hour. They were exceptionally high silicon permanent 
mold irons. 


Samples of iron that we broke from the casting with a hammer 
took about two hours to graphitize, and I believe that action is best 
explained by Dr. Schwartz’s work on heating white iron above the 
critical quenching temperature and thereby increasing the speed of 
graphitization. It may have been that those samples were heated and 
cooled and so they graphitized faster. 


Mr. ZIEGLER: This is a very interesting theory, which I have not 
thought about. We tried to graphitize the primary cementite at lower 
temperatures, but you may notice that at 800°C. no graphitization could 
be obtained within reasonable time periods. Soaking in the eutectoid 
range, without preheating at higher temperatures, did not produce any 
graphitization at all. Unless some first stage graphitization has taken 
place, no second-stage graphitization could ever be obtained. It may be 
that perhaps soaking, for a couple of months in the eutectoid range 











ees 














err 
f Vrenen 


— 


Ge 68 etn nos oy 





474 GRAPHITIZATION IN CUPOLA WHITE [Ron 


would result in some graphitization, but within reasonable time periods 
we could not obtain any. 


Dr. SCHNEIDEWIND: It would mean 800 to 1500 hrs., I think. 


Mr. ZIEGLER: Well, that is possible, but after all, we were after some- 
thing that we could use in the shop. 


Dr. SCHWARTZ?: Mr. Ziegler has a good precedent for using a 
dilatometer for measurement of graphitization rate. Chevenard did that 
a considerable time ago, perhaps 10 yrs., and was apparently quite suc- 
cessful in his deductions from what he got. 


I would call attention to the work of Smith and Palmer, who also 
did work by dilatometric methods, and compared that work with the 
results of analyses for graphite and came to the conclusion that graph- 
itizing rate as measured by analysis, did not parallel graphitizing rate 
as deduced from the expansion of the specimen. 


We have original information about dilatometer work, but we took 
Smith and Palmer’s original specimens and at one time prepared a 
paper discussing what must happen to the density of the metallic matrix 
to account for their observations, assuming that those observations 
were right. 


I note at the end of the paper, in the conclusions, a reference t 
Bain’s isothermal “S” curves. I evidently do not understand Bain’s 
“S” curves the same way that Mr. Ziegler does, because the thing that 
I thought was Bain’s “S” curve was a curve which indicated the begin- 
ning and end of the austenite transformation at a series of tempera- 
tures. Now, I presume that the “S” curve that Mr. Ziegler speaks of 
is the sigmoid form of curve at isothermal temperatures, but I bring it 
up lest there be misunderstanding of just which form of curve is 
spoken of. 


I think one could talk at some considerable length about the ver) 
interesting subject of what the time-graphite curve means by virtue 
of its form, as regards the mechanism of graphitization. 


That sigmoid shape is incompatible with the idea that graphitiza- 
tion represents the idea of a monomolecular reaction, the mere dis- 
sociation of cementite, because that reaction should start fast and slow 
up at a logarithmic rate, and I think no observers who have gone back 
to the origin of this investigation have ever found it so, and it is one 
of my favorite themes that it is a much more complicated thing than 
a first order reaction, and I therefore welcome one more observer's 
record that it turns out to be sigmoid instead of logarithmic in form. 


Mr. ZIEGLER: Speaking about Smith and Palmer’s work, we have 
a reference to that in the paper. We studied their curves, but their 
analysis did not check with ours. They used a different type of iron. 





?Manager of Research, National Malleable & Steel Castings Co 
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Fic. 19—Grapnuitic Carson VS. Tora GrowTH. 


We make it very definite in the paper that our results quantitatively 
refer only to one particular analysis. If some silicon is introduced or 
some manganese taken out or some copper added, the results may be 
altogether different. So as far as we can see, we do not think that our 
results conflict with theirs. 


As to growth versus graphitization, we collected all our results and 
plotted total growth (as detected by the dilatometer) against the total 
graphitization (as detected by chemical analysis). The result is repre- 
sented in Fig. 19. There is a considerable scattering of the points. 
It may, however, be explained by a certain variation in chemical analy- 
sis from one bar to another. Although all test bars were cast from 
the same ladle, some of the variations in chemical composition may well 
be expected which could be responsible for a few per cent of difference 
in the total growth. 


Another fact that should be remembered is that the white iron 
samples are composed of dendritic units, each of which has directional 
properties, and acts as a crystallographic unit. 


Whenever the term “S” curve was used we meant the isothermal 
curve showing the rate of reaction. Dr. Schwartz is right in saying 
that the “S” curve is also obtained in plotting the summation of the 
results of isothermal reactions at different temperatures. In this case, 
however, we refer to the isothermal “S” curves. 


Since Dr. Schwartz has mentioned some of the curves which were 
included in the earlier edition of this paper, but have been left out of 
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the present one, we would like to introduce Fig. 20. In this chart, the 
rate curves of Fig. 4 were replotted on log-probability paper, using 
time as the abscissa and percentage of the total growth as the ordinate. 
Although there is a certain amount of scattering of individual points, 
the straight line relationship of nearly parallel lines can be assumed. 
From this graph, the time necessary for bringing the reaction to, say, 
50 per cent completion, was measured and plotted against the reciprocal! 
of absolute temperature on semi-log paper (Fig. 21). The result is a 
straight line relationship thus demonstrating that the rate curves of 
Fig. 4 are true isothermal reaction curves. 


MEMBER: In your analysis, did you detect any amount of titanium 
in any of the bars? 


Mr. ZIEGLER: We have not analyzed for titanium. Unless as ar 
incidental impurity, I do not see how it can come in. 


MEMBER: You do not think it would have any effect on the graph- 
itization? 


Mr. ZIEGLER: I really do not know. 


MEMBER: What is your opinion, Dr. Schneidewind, about the presence 
of titanium in any appreciable amounts, say 0.10 or 0.12 per cent? 


Dr. SCHNEIDEWIND: I would rather not discuss that because I have 
written off some patent rights on some work that I am doing. 
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Fic. 20—Dr_atometrer Data or THE SHORT Time “First Stace” GrapnHrtrzaTion Rows, 
PLorrep with a LoGaRITHMIC ScALE FOR TIME AND THE “Propasitity’’ SCALE FOR 
PERCENTAGE GROWTH. 
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Fic. 21—Dimatometrer Data or “First Stace’? GRaPHITizaTION: Time VS. Recrprocat 
ABSOLUTE TEMPERATURE, 


CHAIRMAN JOSEPH: I might answer that. If you had even very 
small amounts, it would affect the graphitization markedly. 


MEMBER: It would? 


CHAIRMAN JOSEPH: Yes. We have run some tests where we ran 
as low as 0.01 or 0.02 per cent and it would actually graphitize the 
metal very much more than if you did not have any present. 


Dr. SCHWARTZ: Did you flood both the dilatometer specimen and 
the test bar specimen with nitrogen? 


Mr. ZIEGLER: No. The dilatometric experiments were made under 
very high vacuum. 


Dr. SCHWARTZ: I think you might have tremendous differences with 
differences of gas. As to the titanium question, I would second what 
Mr. Joseph said. 


J. H. LANSING’: Dr. Ziegler pointed out in his discussion that his 
reference was to castings of a certain analysis. In the first sentence, 
mention was made of the first step in the malleable process as producing 
white iron castings in which all or, perhaps more correctly, practically 
all, of the carbon would be present in combined form. I think it might 
be well to point out that in producing the tougher types of materials, 


8Shop Practice Engineer, Malleable Founders Society, Cleveland, Ohio. 
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it would be necessary to have all the carbon present in the combined 
form rather than having some present in graphitic form. 


CHAIRMAN JOSEPH: I think that is a good point. 


MR. ZIEGLER: The only reason we introduced this “practically all” 
is that in our samples, as shown by the analysis, we have 0.18 per cent 
graphitic carbon, could not be observed under the microscope. Whether 
is was something incidental or whether it is more or less common, | 
do not know, but we wanted to protect °ourselves so that there would 
not be any argument about all the carbon being in the combined form 
while the analysis shows 0.18 per cent in graphitic form. 


Mr, LANSING: Presumably, that was due to the high carbon content? 
Mr. ZIEGLER: I suppose so. Cupola malleable is always high carbon. 


Dr. SCHNEIDEWIND: I would like to discuss Dr. Schwartz’s remarks 
on the S-shaped curve. I believe that there are many factors involved 
in first-stage graphitization, among which the most important are the 
stability of the carbide, the rate of diffusion of the carbon atom in the 
austenite, and third, the resistance to nucleus formation. When the 
sample is heated to the soaking temperature, the cementite may tend 
to break down. Free carbon atoms may diffuse through the austenite 
matrix and have to build up pressures until they can overcome the 
resistance to nucleation. Once we have all of the nuclei formed, I believe 
from that point on, the reaction is more or less monomolecular. Up to 
that point, however, it is not monomolecular, because we do not have 
any unloading station, so to speak, for the carbon atoms to go to. 


Dr. Bain, in the transformation of austenite, presents, in his mind, 
a similar reaction. He also has to correct for the beginning part of his 
curve, because in austenite transforming, the carbon has to transform 
and form cementite. However it takes time for the first nucleus of 
pearlite to get set up, and after that period you have a monomolecular 
reaction. In that preliminary period, you have two reactions fighting 
as to which one is the controlling reaction, and I think Dr. Schwartz in 
one of his papers got a straight line relationship in that early period, 
or at least over a portion of it. I think that part of the reaction is not 
truly monomolecular, because we do not have all of our nuclei formed 
at that time. 


Mr. ZIEGLER: On numerous occasions in malleable and, for that 
matter, in gray iron, the temper carbon in malleable, or graphitic flakes 
in gray iron, are associated with inclusions. I often have wondered if 
one could make cast iron completely free from inclusions. 


Dr, SCHNEIDEWIND: I do not think if we consider one iron alone, 
that that makes so much difference, because you will get a different 
number of temper carbon nuclei if you soak at 1900, at 1800, at 1700 
and at 1600°F., and we must have the same number of inclusions in all 
the samples that are taken from the same bar. 





DISCUSSION 479 


Mr. ZIEGLER: What I have in mind are manganese sulphide or, per- 
haps, iron oxide inclusions. 


Dr. SCHNEIDEWIND: That is what I had in mind. There would be 
the same number of inclusions in all four samples, yet you would have 
a different number of graphite spots, depending upon the way in which 
you soak them. 


Mr. ZIEGLER: Would there be any graphitization at all if there were 
no inclusions? 


Dr. SCHNEIDEWIND: I do not know. 


J. S. VANICK?#: In trying to study these charts quickly, I wondered 
whether you dared draw the conclusion from them as to a short anneal. 
Namely, that you could heat for 5 hrs. at 1800°F. and get the first stage 
over with, then drop down about 1350°F. to the second stage optimum 
temperature at a 60°F. per minute rate. This would take about 1% hrs., 
making a total of 6% hrs. Then hold it there for about 3% hrs., which 
is indicated in the big diagram, and arrive at a pretty good grade of 
short-annealed malleable, representing about 10 hrs. of annealing for 
this composition. Is that right? 


Mr. ZIEGLER: The best we could do was to obtain the results which 
are shown in Fig. 15, 44 hrs. all told. That was the shortest time period 
in which we could produce more or less complete graphitization. But, 
even so, a little combined carbon could be observed. In order to graphi- 
tize all of the combined carbon, if I remember correctly, the shortest 
time period was something like 50 hrs. Of course, again this refers to 
this particular metal. We know that the short-time malleablizing cycle 
may be much shorter than that. 


CHAIRMAN JOSEPH: I think that is about all the time we have for 
this paper, unless there is somebody who would like to ask one more 
question. If not, we want to thank Mr. Ziegler and his associates for 
the interesting paper which he has presented. 





* Metallurgist, Internationa] Nickel Co. 
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The Use of Models in Improving Steel Casting 
Practice* 


By S. W. Brinson**, PortsmoutnH, VA. 


Abstract 


In this paper, the author shows how a saving may be 
made by the use of models in making large and com- 
plicated steel castings. It is often impossible to visualize 
the finished casting from the blueprint as to its various 
thicknesses, junctures, etc., all of which necessarily must 
be known to position the pattern properly in the mold and 
for gating, risering and padding. At the time the master 
pattern is being made, it has been found that an accom- 
panying model pays dividends. It continues to do so in the 
foundry and finally, where padding has been used, it pays 
further dividends in the chipping department. 


ADVANTAGES OF MODELS 


1. There is an old Chinese proverb, that a picture is worth 
a thousand words. At the Norfolk Navy Yard Foundry we have 
paraphrased this by saying that a model is worth a hundred blue- 
prints. It is obviously true in a complicated steel casting, where 
there are varying sections joining other varying sections, at all 
kinds of angles. This presents such a picture, that it is humanly 
impossible to look at, as laid out on a blueprint, and visualize the 
casting, with all of its thicknesses and junctions. Usually the 
pattern itself is such that you have a rather plain solid pattern, 
full of core prints, for the great number of cores which go in the 
mold. It is also true that on rather plain large castings, by using 
a simple model, you can more readily determine the best position 
in which to mold, the gating and relative size of risers necessary, 
together with what padding may be necessary. 


* Published by permission of the Navy Department. 
** Master Molder, Norfolk Navy Yard. 


Nore: This paper was presented at a Steel Session of the 45th Annual A.F.A. 
. 2 
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2. The question naturally arises as to the cost of making 
models. In a previous paper we gave the cost on a certain job as 
two per cent of the total cost of the particular job. This however 
joes not represent a true picture, as it was a complicated casting 
and while it may represent a cost as high as two per cent for six 
eastings still if 24 castings were ordered the cost would only be 
4 of one per cent. Also while the cost of the model may run as 
high as two per cent of the total cost, still the total cost when using 
a model may be from 5 to 10 per cent under the total cost where 
no model is used. For example the cost of a job may be $20,000, 
the model may cost two per cent or $400 making a total cost of 
$20,400. On the other hand, the total cost of the job without a 
model, due to difficulties encountered, may run as high as $24,000 
In every instance where we had made a model and especially where 
it was necessary to use several patternmakers in making the pat- 
tern, it has been found that as a reference, the model has paid for 
itself before the pattern leaves the pattern shop. When we start 
to core up the mold it starts paying dividends again and where 
padding has been used it pays dividends still further in the 
chipping department; so that we have certainly established, to 


our satisfaction, that on certain castings we can complete the job 
at a lower cost by using models, than we could have if no model 


was made 
EXAMPLES OF THE Use or MOopELs 


3. The writer recalls a case in the past year where he was 
‘alled upon to make two ship castings requiring 60,000 Ibs. of 


Fic. 1—Tue Use or a Mover May Save Srverat Times Irs Own Cost 1n MAKING LARGE 
CasTIncs. 
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steel to pour each one. The job was large but not complicated to 
any great extent, and could be fairly easily visualized from the 
blueprint. The pattern shop, however, made up a rough mode!] 
costing about $12. From the model the best way to make patterns 
was determined, the position of the pattern in the mold, the proper 
location of the gates, the padding necessary and where the risers 
would be placed. Two were made without any difficulty. Then 
the writer was called upon to make two exactly similar castings 
for a much smaller size ship and weighing about one-half the amount 
of the first two castings, but from patterns made elsewhere. The 
patterns were made so that it was impracticable to mold as we did 
ours, and the way the mold had to be made with the gate in the 
preferable position caused the burning in of a small core which 
required several times $12 to clean out. The model for the first 
job referred to is shown in Fig. 1. 


4. Last fall the author visited a steel foundry making a large 
number of turbine castings. The question which was to be discussed 
was the design of a new small turbine for the Navy, the castings 
for which were to be subjected to radiographic inspection. 


5. Representatives of this foundry had previously visited the 
Norfolk Navy Yard Foundry and when the question of the new 
design came up, they insisted on having a model made. The design 
section was somewhat opposed on account of costs, but the model 
was made and completed just about the time the author arrived at 
the plant. During the two days he was there the foundry people 
had a hard job to get the model away from the design section. On 
the afternoon of the second day, however, they did get it and a 
conference was held in the foundry office with a representative 
from the design section present. Modeling wax was added to the 
model to change sections as desired to give controlled directional 
solidification and the designer present could readily see the reason 
therefore. No further history of this particular casting is known 
by the author, but it is his feeling that better castings were ob- 
tained and the job cost less than would have been the case if the 
model had not been prepared. 


6. The author was also recently in a plant where they had 
an order to make about 50 rather complicated pressure castings 
for the Navy, which were to be subjected to radiographic inspec- 
tion. Some trouble was being experienced with porosity in certain 
places. If the writer had this job to do, he would, based on the 
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fact that castings made in the Norfolk Navy Yard Foundry have 


been subjected to radiographic inspection for the past 10 yrs., con- 


sider it a matter of economy and savings in the final cost to have 
had a model made first of all. 


Fic. 2 


OurTsipE AND INstipE Views oF THE Upper aNp Lower Haves or a Set or TURBINE 
Castine Mope s. 
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Fic. 83—Tursine Base. 


7. In March 1937 we received an order for six complete sets 
of turbine casings. This casing, both lower and upper halves, was 
very complicated. Knowing through the Navy Department the 
difficulty that had been experienced in obtaining satisfactory cast- 
ings for turbines, it was decided to make a model, so as to make a 
eemplete study of the casting before making the pattern. This 
was done and after the model was made it remained in the Master 
Molder’s office where he and his assistants studied it at odd times 
for three or four days. A conference was then held and the 
desirable changes of design, thickness and making certain parts 
separate for subsequent welding on, were decided. 


8. After decision was made as to what was desired, the mode! 
was boxed up and taken to Washington to the Design Division. 
The model was set up, the changes desired were pointed out, with 
the result that every change requested was granted and authority 
was also given to make any other minor changes that were con- 
sistent with certain policies. The author is in no position to state, 
but still it is believed that any one will find the Navy Department 
very reasonable on any modification of design that does not change 
the fundamental purpose or impair the efficiency of the castings, 
provided the question can be put before them in a clear, self 
evident exposition, and that the best way this can be accomplished 
is with the use of a model. Cuts of these models and a list of the 
changes made were first described by Briggs, Gezelius and Donald- 
son' and these are being reprinted here for further information 
in Figs, 2, 3 and 4. 


1 Briggs, C. W., Gezelius, R. A., and Donaldson, A. R.: “Steel Casting Design for 
the Engineer and Foundryman,” Trans. A.F.A., vol. 46 (1988), pp. 605-696. 
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The changes made in the casting after the model was made 


are indicated by letters and were as follows: 


C. 


H. 


The base casting was separated at A and the high pressure 
end was cast separately. This facilitated the production 


vreatly. 


The thickness of the gland supporting w ‘b was inereased 
and the cored ‘‘pockets’’ eliminated by changing the 


shape of the web. 


The bolt bosses were tapered from top to bottom to faeili- 


tate feeding. 


The thickness of the steam belt was increased and an 
opening provided for core anchorage. This opening was 
later closed by a plate welded on 


The radius at the junction of the flange and web was in- 
creased to eliminate a sharp change in section and permit 
feeding of the sections at the bottom. 


The thickness of the web was increased and a larger radius 
provided to insure proper feeding. 


This outlet was cast separately and welded on. 


The wall thickness of the steam belt was increased and the 
outlet was cast separately and welded on. As the castings 
were to be used as a ‘‘right’’ and a “‘left’’ two openings 
were made to secure proper core anchorage. One of these 
openings was sealed by a welded cap, the other was 





Fic. 4—Turpsine Cover. 








ee + enemas 
5 at 





— 


ee ae 





486 MODELS IN STEEL CASTING PRACTICE 


welded to the outlet case separately. This permitted the 
use of identical cores for both the ‘‘right’’ and ‘‘left’’ 
castings. 


I. The web was cast separately and welded on to the mair 
casting. This web, if cast integrally, would very probably 
have caused hot tears, which would have had to be re- 
paired by welding after considerable chipping. 


J. The walls of the by-pass valve were brought straight down 
to the casing to eliminate sharp changes in direction of 
section and permit better feeding. The outlet was east 


separately and welded on. 









ADDED AFTER 
MODEL AND FIRST 
CASTINGS: WERE 
MADE 


Fic. 5—Mopet ror Tursine Castnc or Mopirrep Desicn. 


10. After these first castings were made, an order was re- 
ceived for additional castings of a slightly modified but more diffi- 
eult design. The model for the first casting was therefor modified, 
so that then the cost of the model was spread over two orders in- 
stead of one. This modification is shown in Fig. 5. Steps had to 
be taken to provide directional solidification to this addition and 
an extra riser was used. 


11. The next model made was for a low pressure turbine 
easing. In view of the fact that this type of casing had formerly 
been changed from a casting to a weldment and now had come back 
to a casting again, the foundry was particularly anxious, in addi- 
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Fic. 6—Insipe or Mone. ror Low Pressure Turrine Casine. 


Fic. 7—Ovutsmpr or Moper ror Low Pressure Tursine Casino. 
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tion to the fact that a good casting is always desired, to make 
castings about which there could be no question. The models for 
this casting are shown on Figs. 6 and 7. 


A. (Fig. 6) shows how padding was put on the inside 
This was resorted to, in order to insure soundness in the ‘‘Y”’ 
and ‘‘X’”’ joints as shown at D in Fig. 7, in addition to the 
chills used as shown. Radiographic examination of the june. 
tions showed them to be sound. 


A. (Fig. 7) shows how a section of the bottom of the bear- 
ing base was cut out to support cores better and to see closing 
thicknesses and afterwards welded in. 





Fic. 8—Ovursipe View or Lower Hair or Mone. ror BarriesHip TurBINE CasINnc. 


B. (Fig. 7). The black part shown was burned and 
machined out and an exhaust hood built around the grill. 


C. (Fig. 7). The two castings were welded together at C 
after boiting. 


12. The yard was then called upon to replace a turbine for a 
battleship which had been in service for some years and which 
was then giving trouble. This is a very striking example of how 
possible difficulties can be overcome, by rearranging or making 
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Fic. 9—Outrsip—E View or Upper Harr or Mone. ror BaTrLesHip Tursinge Casino, 


castings in several parts, so as to more readily obtain controlled 


directional solidification, and then welding the sections together. 
This model is shown in Figs. 8, 9 and 10. 


Fig. 10—INsipe View or Lower Harr or Moper ror Batr.esnip Tursine Casina. 
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Fic. 11—Comp.ere Monet ror Hich Pressure Turning Casina. 


The modifications shown on these figures are as follows: 


Cut out for core setting and subsequently welded up 
where necessary. 


The flanged joint was eliminated. 





Fic. 12—Insipe View or Mone: or HicH Pressure Tursine Castine. 
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(. The dotted lines show where new joints were made for 
subsequent welding (the ribs reinforcing the flanges then 
became unnecessary), and where the heavy stud rings for 


the outlets were cast separately and welded on 
D. Flanges were made separately and welded on. 


14. After these castings were made, the padding removed and 
rough machined, radiographic inspection showed that wonderful 


results had been obtained, 





Fig. 18—-Tue Parts Composinc Uprrer Hater or Mone: ror Hich Pressure TurRBINE 


Casinc. 


15. The yard was then called upon to make a number of high 
pressure casings. The models as shown in Figs. 11, 12 and 13 
were made and studied. Formerly this casting had been made else- 
where. The upper half had been made in two pieces, the joint being 
approximately as shown in Fig. 11, A-A, and afterward was 
welded. After a careful study of the model had been made, it was 
decided that the upper casting could be made satisfactorily in one 


piece by applying controlled directional solidification, which would 
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have had to have been applied anyway to get satisfactory 
radiographs. 


16. Figures 14 and 15 show the pattern and core box and where 
padding was applied at A, B, C, and D. This casting was made 
upside down from the way the pattern is setting and heavy risers 
were placed at £ to feed in the direction of the taper. Continuous 
risers were placed over the heavy joint flange and it was gated in 
the heavy flanges and in the risers at EZ. This produced a very 
satisfactory casting and a third order has just been completed. 
The bottom part of this casing was, with inside padding, a com- 
paratively simple job. 


. 


Fic. 16—Mope. or ExperimEntTaL Castine. 


17. Figures 16 and 17 show the model and one core box of an 
experimental casting made at Norfolk on account of difficulty ex- 
perienced in the castings made elsewhere after they had been 
placed in service. 


18. The piece shown at A, Fig. 16, was cut off and welded 
afterwards, this allowed padding on the inside to feed the vertical 
partition walls which were tapered as shown in Fig. 17. The 
contour on the side was changed as indicated at B and the core 
hole ‘‘XX’’ was moved to the ‘‘YY’’ position. Padding was added 
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Fic. 17 


One Core Box ror Use with ExperIMENTAL CastTinG MOopeL. 


on the inlet valve to obtain proper feeding. The results obtained 
so far on this casting indicate satisfactory results over the defects 
found in the former casting. 


SUMMARY 


19. As has been previously stated in this paper, we at the 
Norfolk Navy Yard are thoroughly sold on the use of models and 
believe they give the following results: 


(1) Decrease in the final cost. 
2) Decrease in the final delivery. 


(3) Better castings. 
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DISCUSSION 


Presiding: R. S. MuNSsOoN, Atlantic Steel Casting Co., Chester, Pa. 


T. D. WEsT! (written discussion): The author states in the begin- 
ning of this paper that the cost of one model was only two per cent 


1 Foundry Supt., Symington Gould Corp., Rochester, N. Y. 
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xf the total cost. Such a low cost for a model on this $20,000 order 
certainly could more than be made up during the making of the pattern 
and producing of the final castings. However, when one casting is to 
be cast of fairly complicated sections, where one could not make a model 
for two per cent of the total, it is probably best to study the blue print 
is closely as possible and daily visit the pattern shop while such a job 
s under construction. On these visits, all local misunderstandings can 
be cleared up and the pads and heading can be built into the pattern 
as it is being constructed. 


One of the many troubles nowadays, especially with the augmented 
business, is to turn a blueprint over to a pattern shop with very limited 
instructions and state we desire the pattern yesterday. When the pat- 
tern does arrive in due time, the foundryman then sees where this core 
could be eliminated, and this flange should be left off the casting. It is 
the writer’s opinion that there is an undue amount of laxity between the 
pattern shop and the foundry. This laxity later causes the foundry con- 
siderable amount of time and money to correct. We are trying to elimi- 
nate the greatest part of this laxity that is possible. This brings to 
my mind a job that was brought into our plant to make. This job was 
sent to a pattern shop with the order to make a pattern as soon as 
possible. When the pattern finally arrived, it was immediately put into 
the sand and a mold made from it. The next morning the casting in the 
cleaning room showed one of the best hot tear cracks ever produced 
in a foundry. Everyone connected with the job agreed to eliminate the 
cores. Had this job been gone over thoroughly in the beginning, a few 
weeks of valuable time would have been saved. There were not enough 
castings on this order to produce a cheap model. 


However, on larger size orders we ask for a “model” built to exact 
size and we cast this in the foundry with one or two different methods. 
After this sample has been radiographed thoroughly and found to be 
sound, we then order our pattern equipment with specified instructions. 
We have in the past used master patterns for this experiment. As we 
all know these master patterns have to be handled with kidgloves. 


The writer certainly agrees with the author that the best way to 
secure a change in design where the foundry can produce a sound radio- 
graphic casting is to make a model and show this concrete example to 
a person or persons connected with the design of the casting. 


I would like to ask one question—What taper per ft. of height does 
the author use when trying to feed a straight sectioned wall in the 
vertical plane? It is presumed that the padding would have to be 
removed from the final machined casting. 


Mr. BRINSON: What kind of casting do you have reference to? 
MEMBER: Straight vertical wall. 


MR. BRINSON: Well, I cannot say that that is entirely it but at the 
present time we are conducting experiments making test castings of 45° 
horizontal sections and combining those in the shape of an octagon, so 
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as to get all positions in one pattern. We are making the vertical sec- 
tions in different lengths. Those tests are now going through the labora- 
tory and perhaps in another year we will probably have more informa- 
tion on that as to just how much padding you will have to put on it. 
We have made these vertical sections and constant sections with stil] 
more padding on there, to try to find the amount of padding necessary 
based on the depth of the vertical wall, and we have found it. Where 
we have a vertical wall we always have padding. We believe we get 
a better casting. 


As I said in the paper, we do not make these models and we do 
not do all this padding just for the fun of it. We have been forced to 
it by 10 years’ radiographic inspection of castings. We know that mod- 
els cost money, we know that padding costs money, but we also know 
that defective castings cost a lot of money. 


In the first part of Mr. West’s comments and in the last part of 
his comments in which he talked about those castings, it may have 
been economy to make a model rather than make two or three castings 
to get one casting. Maybe Mr. West and some of you other gentlemen 
who have a little more vision and a little more intelligence than I have 
can take a blueprint and build the thing up in your mind in three 
dimensions and visualize the thickness and everything, but I am frank 
to tell you that I can not visualize quite that well. If you get a model 
which shows you these things, then almost anybody can see it and very 
readily see that you have heavy and thin sections joined together where 
you may expect hot tears, porosity and everything else. But you cannot 
tell in any other way. 


We do not make models of all castings, not by any means. Where 
we have a job that runs as many as six castings, we always make a 
model. Now this big casting that I showed you that ran 60,000 tons, 
we make a model for that because the model only cost $12 and you could 
visualize that casting in your mind from your blueprint but you could 
see it better when it was made into a model. There was no question 
about the fact that model paid for itself many times over. I think we 
have more than saved the cost of the models many times by having the 
model to show what is the best way to mold the casting. 


K. V. WHEELER?: Mr. Chairman, I heard Mr. Brinson give his talk 
here in New York at the Steel Founder’s Society of America meeting, 
and also this one today, and I appreciated them very much. I think it 
would be well if he could arrange to give this talk before a meeting of 
purchasing agents. So many times we have our troubles because the 
patterns are made before they know who is going to make the casting 
and then it is up to the foundry to worry through with them. In those 
cases where we know ahead of time that we will make the castings, 
we are finding that the engineering departments of these plants that use 
castings are becoming more cooperative and willing to listen to the 
recommendations of the foundry. 


2 Vice President, American Stee! Castings Co., Newark, N. J. 


DISCUSSION 497 


From my experience the use of models performs another good serv- 
ice in the foundry. I think it helps us to train ourselves, and particularly 
the fellows who are really doing the planning of the heading and gating, 
to understand their problem a whole lot better and do a better job. 


I recall one job made not so long ago without a model. We looked at 
the drawing. It seemed a fairly simple casting. It was a centrifugal 
pump casting. But they had some faint dotted lines stuck back of some 
other rather prominent lines that indicated a flat pancake core running 
back from a bearing about 20 in. in dia. and then connected to the bear- 
ing core through a section of core not over % in. thick. No one caught it. 
The casting was made and went into the cleaning room and it was diffi- 
cult to get the core out. We could not get it out until we cut holes 
through the wall of the casting. 


Probably the extra cost on that first casting was greater than the 
cost of a model. 


I would like to ask Mr. Brinson a question about this experiment 
that he is making to determine the practical depth of a vertical wall 
that can be fed thoroughly without padding. I would like to find what 
thickness of wall he is using because in my experience there is a very 
decided and important relationship between the thickness of the wall 
and the depth of the wall to be fed. 


Mr. BRINSON: We decided on 1 in, thickness, 12 in. deep and 10 in. 
wide. That was based on an average section of our casting more than 
anything else. We had to arrive at some figure and that was it. 


In connection with some of the other remarks you made, it is like 
I said about the first model we made, a designer would never recognize 
his own work when he sees the made-up model. He keeps on drawing 
lines on the blueprint and does not realize what he has until he sees it 
and you cannot show it to him by means of the blueprint, but you can 
show him when you have a model. 


In the plant that I have reference to, where the foundry finally got 
the model away from the designer, one of the designers was present 
at the conference. He could see the reason for having a model. Before 
that, he was not sold very much on it. 


Now they would ask my opinion on what they would have to do 
in order to make a sound casting and I would tell. They were not pay- 
ing me anything for the information. The designer said something 
about the cost. I said, “Gentlemen, please bear in mind it does not 
make a bit of difference to me what you do. I am just telling you what 
I think you will have to do to have the castings sound at that point.” 


When I left the plant, the Superintendent of the foundry machine 
shop was kind enough to say I had enabled them to make more progress 
with their designers in the two days I had been there than they had been 
able to do in five years before that. 


We have found in our place that a man who works on blueprints 
only can put a line in the shape of an “S” just as easy as he can put 
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down a straight line. When you come to make that casting, making a 
line in the shape of an “S” is much more difficult. 


To any of you who have Navy contracts, I cannot say that you can 
go to them and they are going to approve all the changes you want, 
but I do say they will be reasonable, and if you will show it in a way 
they can see it, I am pretty sure you will find the Navy Department 
willing to work with you. Mr. Sprayer is connected with the Navy 
Department and I think he will bear me out in it. They are not very 
arbitrary down there but they do want to know what you are doing. We 
found that the best way to show what we are doing is to make up a 
model. Then they can see what you are doing better than by means 
of a blueprint. 


CHAIRMAN MUNSON: Mr. Brinson, you say you do not make models 
on all your castings. What is the smallest casting that you make a 
model of? Do you find it advisable to make models of the smallei 
castings? 


Mr. BRINSON: I would say the smallest casting we have made a 
model of was the last one shown. It was a casting weighing probably 
12 or 15 lb. We have not gone to models on smaller castings than that. 
Another thing, too, is that it depends upon just what the pattern looks 
like after it is made. If you can see from the pattern that it is not 
necessary, One is not made. Where you get a plain pattern, however, 
and probably several cores to go into it and you cannot see all the sec- 
tions, that is the time we make a model. Generally models are applied 
to turbine castings on account of the difficulty the Navy has experienced 
in getting satisfactory castings. That is mainly where they have been 
applied, with one or two exceptions. However, we may not go as far 
with models as we should go, but we do have a lot of patterns there 
that you can see readily enough so you can see what it is necessary to 
do to them. 


We are making some foundation castings for a battleship. That 
is just a plain casting. It has not a core in it. It lends itself very 
readily to founding. It has a tapered wall and a flange on the top. The 
depth was all right. So we put heavy risers on top and padded up on 
the top face up to these risers and poured at the joint right on the 
riser. A radiographic inspection showed that we obtained very good 
castings. That was one particular job that lent itself to making a good 
casting by gating it at the top and putting heavy risers and a little pad- 
ding at the top where we had to do some machining anyhow. 


The question of when to make a model and when not to make a 
model is something everybody has to decide for himself. You can see 
from a photograph or a blueprint sometimes how complicated the job 
is going to be. We are fortunate at our place in that on most of our 
jobs we have the patterns made in our own Navy Yard and we have 
very close cooperation between the pattern shop and the foundry. Our 
pattern shop has been very cooperative in the making of these models. 
The difficulty we have experienced in a lot of cases has been relative 
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to patterns made at some other Navy Yard and sent to our place, in 
which case if we had made the model we would have made it differently. 


I was talking about this heavy casting that weighed 60,000 lb. that 
we had no trouble with. Another casting similar to that, that weighed 
half that much, had a little core near the gate, and we spent probably 
four or five times as much as a model would have cost to get the core 
out after it was cast. If we had made the job ourselves we would have 
known how to make the casting the best way. It came down and was 
made exactly in a right-angle position, which caused all the trouble. 


H. D. PHILLIPS*: We subscribe wholeheartedly to Mr. Brinson’s 
thoughts as to the advantages of using a model and we can confirm 
all the advantages which he claims. 


In addition, there is one other thing that we have found. We make 
a lot of models for commercial work in addition to the Navy work. 
We make them even if radiographic examination is not required. That 
other advantage is to the machine shop. Recently we had a lot of experi- 
ence in this. 


In the Army Ordnance program of tank building, there are a lot of 
very intricate parts being made in cast armor, and the designing of 
such things as pistol ports results in a lot of difficult machining. We 
looked at the blueprints and decided that certain spots could not be 
properly machined, and we went to the designers with the blueprints. 
We could not convince them, so we iinally decided to make models. We 
took these models and proved it to them. 


Then we found the models came in very handy in the machine shop. 
They were able to decide how to set up for the job. They were able to 
ask for certain concessions in the design, and they proved very helpful 
in expediting the final job. 


Now as to when or when not to make a model, we have found it to 
be a decided advantage at times to make a model for just one casting. 
We have made many low-pressure turbine castings for which we have 
found it to be of decided advantage to make a model. 


As to the size of castings, we make models for castings that weigh 
as little as 25 lb. Recently we had an intricate, difficult little gear case 
to make. We received the blueprint and were asked to advise on the 
pattern construction and to quote on patterns. We decided if we were 
going to have to quote we wanted to get a picture of what was going 
to be involved and be able to recommend to the customer, in case he 
made the pattern, how we wanted it made. We found when we made 
the model that it was impossible to machine it the way they had it 
designed. We took the model to the customer and actually the designers 
could hardly believe they had designed the piece. The head designer 
was quite concerned over the fact that he might have spent several hun- 
dred or even $1,500, which was the cost of the pattern equipment, and 
then found he had to make some extensive alterations to it. 





*Plant Megr., Lebanon Steel Foundry, Lebanon, Pa. 
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So we subscribe wholeheartedly to the use of models. We think the 
practice is in a class with radiographic examinations and is a distinct 
forward step in the industry. 


MR. BRINSON: On all these models, the finish was always painted on 
them. There was one on the lower half of one of those turbine castings. 
The machinist would have a straight boring operation excepting for the 
fact that at the bottom there was a stop piece at right angles to the 
machining operation. You would have to machine up to that point by 
hand and stop and take another point and turn the casting around. By 
taking the piece out and making a plain boring operation, it simplified 
the machining. 


As I have said, we find the models pay for themselves. The pattern 
makers use that model as a reference. When you get the job in the 
foundry, the molder has the model right before him. He knows where 
the core goes and the shape of the core. Then it goes to the chipping 
room and finally to the machine shop so that they can see where to 
finish it. 


CHAIRMAN MUNSON: Do any of the producers of larger castings 
have anything to say about this? We have heard from the smaller man- 
ufacturers. Mr. Post, you make large, intricate castings. Have you had 
any experience with this? 


MARSHALL Post*: We have been using some models for a good many 
years and we find the cost of models is not to be considered, whether it 
is a large casting or a small casting. 


I have enjoyed very much this discussion of Mr. Brinson’s. I recog- 
nized some old friends up there in those pictures. One way in which 
we have gotten out of our troubles is by making models. We find that 
even though there is but one casting in some instances, it pays to make 
a model. We do not spend a lot of money on models. We do not polish 
them up and glue them together and things like that until they have 
served their purpose. His discussion here certainly has not been against 
the use of models. I think the advantage is all in the use of models. 
I think it enables you to get into production a lot quicker at times. 
For instance, often you make a number of castings. We have used these 
models to the extent we make a model and go right ahead in the pro- 
duction without even samples. So I do not see anything certainly against 
the use of them when everything is in their favor. 


F, A. MELMOTH®: I would like to ask Mr. Brinson, seeing that in 
so many of his jobs he shows padding, whether he is not rather of the 
opinion that the commonly insisted upon uniformity of metal we steel 
founders have talked about so many years has not boomeranged and 
rather hit us where we do not like it? I can remember various superin- 
tendents who said they did not have so much difficulty making a fairly 
complicated casting but they could not make a brick. Of course, the 
reason was the same thing, uniformity. It is physically impossible to 


*Vice President, Birdsboro Steel Foundry and Machine Co., Birdsboro, Pa. 
* Vice President, Detroit Steel Castings Detroit, Mich. 
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make anything of equal thickness perfectly sound if you conform to 
certain ideas of pouring which are acceptable only because of the 
limitations of the mold. I notice that Mr. Brinson gets over the diffi- 
-ulty by a tremendous amount of padding. 


Maybe Mr. Wheeler pointed out something we need badly, that this 
model idea would be really good to show to customers and designers. 
Perhaps we could then stop one thing which happens very frequently, 
that if we resort to padding and do not remove it we very often get 
back-charges which are more than equal to the profit on the casting. 
I would suggest that some move be made to try to popularize this kind 
of talk before designers and engineering societies as regards models, 
because we are somewhat in the same boat I think, as Mr. Brinson. 
A complicated blueprint has me confused, and I have found a whole lot 
of foundrymen who would be a lot better off if they would frankly admit 
they are confused, also. But they will look at them, and just look wise, 
and then they go out and make a bad casting, because they could not 
visualize the difficulties. 

The main thing I wanted to speak about was whether Mr. Brinson 
did believe we should pat ourselves on the back for insisting upon uni- 
form sections? 


MR. BRINSON: I believe so, in view of radiographic inspection. We 
have come to hear of terms during the last ten years that we probably 
never heard of before and one is semi-line weakness. You will find that 
in the uniform section. At least we have found it. So I think that the 
foundryman has gone a little too far by trying to get constant sections 
when he could get a better job if he had tapering sections. 


T. H. TREVITHICK®: At what stage of the design will the model be 
made? In other words, at the inception or the finish? Now it is per- 
fectly obvious that a design controls the casting. A poor design means 
a poor casting. So it is important, I think, that the coordination between 
the pattern department, foundry and designing department be thor- 
oughly understood at the beginning and in the embryo stage, if you may 
allow that expression, the models then may be made in very crude and 
in a quick manner, 


There is one other point I would like to ask Mr. Brinson. Of course, 
the meeting is rather short and we have not much more time. But if 
the layout shows that the proportions are not according to good foundry 
practice, the full-size layout can sometimes determine the kind of casting 
you are going to get. Now are these models made before or after the 
design has been finally approved by the authorities? 


My experience has been this, that in the first stages of the design, 
we can make a rough layout and a crude model. Then when the design 
is approved by everybody concerned, including the contracting party, 
a model is made in sections and to scale. That scale model will not only 
serve to show the final casting, but it will serve in helping the core 
room and the man who closes the mold. But it is too late to make the 
model when the design has been approved. 


*Supt., Foundry and Pattern Shop, General Electric Co., Schenectady, N. Y. 
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Now a lot of these men probably are jobbing men and they get 
patterns that have already been designed and approved and, “There is 
the job—take it or leave it.” And, as someone said, they will try 
anything. 

The main thing is to coordinate, first of all, with the design and 
get the full-size layout, and from then on, before the design is approved 
by all concerned, discussion takes place. And then the model, which may 
be the final model, but even then perhaps it is too soon; the first cast- 
ing is radiographed and we see certain sections which we do not antici- 
pate in the model and even then we can make some changes. 

Now these models that we make are in two stages: There is the 
first, crude, discussion model — then the final model which may be 
approved by the foundry and pattern shop and the designer. The third 
step is the radiographic examination of the initial casting, after which 
corrective measures are taken. 

Now on these models that we make, we have a clay addition in 
certain sections where we have thick sections leading into thin. We put 
on the extra stock which Mr. Brinson speaks of that is chipped off later 
in the cleaning room. That is put on first in the clay on the model after 
the casting is radiographed. So that added stock by the clay addition to 
the model serves to tell the foundry exactly where to put the feeding 
stock and feeding heads. 

I had the privilege and pleasure, I would say, of meeting Mr. Brin- 
son some three or four years ago at the Norfolk Navy Yards. I think 
I saw a model there. We have been making these models, first, to assure 
the foundryman just exactly what position he expects in making cores 
and setting them, and, secondly, to show the designer just where the 
true errors will exist, and, third, in the final assembly of the job. And 
in some cases we have resorted to a cast weld proposition. That is, we 
find that a flange or added part must be made separate into another 
casting and later welded. But I think the main point of models should 
be this, that the engineer responsible for the apparatus should work 
with the pattern shop in making a crude model and approving it before 
the final pattern is sent out to the foundry to produce castings. 

We have been making models for a good many years but our models 
today in these jobs which are repetitive are made in sections, and they 
are made pretty accurately to scale, and all finishes are shown on the 
models. Those models are used not only during making the castings, but 
sometimes after the castings are made in production to show exactly 
where the parts that have to be welded are and whether or not those 
parts will be affected ultimately by the weld. 

It is surprising and gratifying to notice the appreciation shown to 
that kind of work by the authorities, by the Navy people, Army people, 
and by the designers. Everybody appreciates and realizes that after all 
the model usually saves a lot of post-mortems and headaches, and I 
want to say that the cost of models is very insignificant as compared 
with the final cost of the casting. Right through the stages, from the 
pattern shop, in the foundry and in the machine shop and to the engi- 
neer who has to decide on repairs, the model serves a very definite 
purpose, 





Practical Time Study Measurements for 
Foundry Operations 
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Abstract 


The author proposes to obtain time study data by 
breaking down the particular operation being considered 
into (1) constant elements which are the same for every 
job, regardless of its size and (2) variable elements which 
are dependent on the type and size of casting being made. 
This method of obtaining “standard data” is shown to 
produce factors from which the amount of labor involved 
in any job may be correctly computed, provided the 
number and kinds of elements necessary for the work are 
obtained. Further, it is shown that, in the “direct 
method” of time study, results obtained on one job are 
not applied on another job, and that the personal equa- 
tion cannot be eliminated from this method. By the use 
of simple elements which can be easily understood and 
evaluated, the author suggests that the workmen can be 
shown readily that this is a correct gauge of their 
efforts and will encourage them to maintain a high rate of 
production. The use of this method is shown to be prac- 
ticable for jobs of such short duration that time studies 
by the “direct method” cannot be obtained on them. It 
also is pointed out that foundry operations, such as pour- 
ing, shake-out and cleaning, can be evaluated instead of 
charging them to overhead, as is usually done. This 
method also has value in planning production schedules 
and in correct pricing. 


1. Many foundries operate on the basis of high production. 
However, general observation would seem to indicate that the vast 
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majority of foundry operations are conducted with jobbing or 
smali quantity production. Any discussion of time study as the 
basis for measuring foundry work must be applicable to smal! 
quantity operations if it is to fit the definition of ‘‘practical.’’ 


2. To be practical for jobbing measurement, we must im- 


mediately rule out the ‘‘direct method’’ of time study procedure 
on two counts. The ‘‘direct method’’ is impractical on nearly 
every kind of manufacturing operation because it produces in- 
consistent standards and these cost five or six times too much. For 
jobbing work in particular, the ‘‘direct method’’ is not practical 
because too frequently the job will be completed before the study 
can be taken and the standard set. 


3. <A recent check indicated that the standards department in 
one plant was producing six standards per day by the ‘‘direct 
method’’ of time study. Each standard was costing approximately 
$1.75. Even on this basis, the time study operations were profitable 
because the operations repeated. Nevertheless, the standards were 
inconsistent because no time study man is good enough to deter- 
mine correct individual standards directly from the time study. 


4, These same time studies could have been grouped together 
to form basie standard data. This, in turn, could have been used 
to determine all of the standards and produce results which would 
have been consistent throughout. 


Standard Data Explanation 

5. The standard data method might be explained simply as 
follows. Every operation is a combination of element motions that 
are used repeatedly in a given trade. In simple coremaking, for 
example, the corebox is assembled, filled with sand, wires or rods 
are inserted, vents are put in when necessary. The operator strikes 


off, turns the box over, places on a tray, opens the box, and sets 
the core aside. 


6. If there were no variations in size or shape of the core, 
one could conceive of a time study which contained all of the 
element operations that were likely to be performed in making of 
eores. One correctly taken time study would then include all of 
the necessary elements together with their standards. If, then, all 
of the incentive standards for coremaking were established as 
eombinations of the elements determined from this one hypothet- 
ical time study, it is obvious that all standards would be consistent 
with each other. 
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7. An operation, which included all of the necessary 
elements, would be most difficult to find. Therefore, a ‘‘time study’”’ 
of an all-inclusive operation is something that must be built up 
from many observations. Such a result is obtained by consolidating 
the information obtained on many time studies taken to cover a 
complete range of work. This range must include the little jobs 
and the big ones plus everything in between these extreme sizes. 
The study of a fully representative cross-section of all jobs is 
necessary because usually a wide variety of sizes, shapes and con- 
ditions is included in one type of work—coremaking, for example. 


8. Studies taken for data preparation must be completely 
detailed. There can be no half-way measures in this part of the 
time study technique. Many men think they take detailed time 
studies because they break operations up into a number of ele- 
ments. But, a brief examination of the usual time study will 
quickly reveal that constant and variable elements have been com- 
bined in the watch readings. 


9. It is true that there is an almost universal tendency to 
make casual time studies when the observer expects to add together 
his detailed observations to establish an individual standard from 
the study. Except for the historical proof of the work done at 
the time the study was taken, there is but little justification for 
taking a detailed time study when the results are to be again 
combined. 


10. In contrast, studies used for the preparation of standard 
data are rarely, if ever, considered in total. Each of the individual 
elements is analyzed as an entity by itself. Many of the elements 
may be related to the same dimensional factors, but it is not un- 
common for these to occur at different points through the study. 
In between may be constant element times and variables related 
to other dimensional factors. Consequently, the breakdown of a 
study for standard data purposes must be in the element detail as 
it actually occurs, and not just a haphazard, convenient series of 
subdivisions. 


Effort Rating 


11. The next important phase of ‘‘practical’’ time study has 
to do with the rate at which the operator works while being studied. 
The variation in speed of performance can be one of the largest 
variables in the analysis. Operators work at widely different 








NTS 


MEASUREME 


STUDY 


TIME 


PRACTICAI 






dOls 


ITS 


|77| "|e 07, 7 Gogagecogaipy 
PO EIPATO EC EOE RN led | 97) 
CPOE F189 927 50. 0 90g 
LOB F2|9D\Z <4 CoP EO NFAOT 
1T|°7 FOS? 75250 re 

ATT OR? EDIF7 4 
7S 1c7 sAe0 


AE 


tet 


FABA WED pe 








7 | 7 EAIO ENE 77 52 27 eo y 
AU Tel ariro Ale  BOLOE Sd 
a7 "ee CORO 97 F701 277 
AA AAA aa = 
j aa tao wroe 7s 
| ad aE? ORO EGTA TO 


i 7 al a ald 

SW elzace ary, "EAE 
AUD 2I\E2 SOT B7 Falsolre 
olrvorl ees 


v. PTO SV GI IVR 


dd 
ol9ol hp 


PHASTEO BF rear eed 








SMOHS 





ee eee 


nail CE BAS 


"(09/¢2 


Jre Kpre>| = 
| 
PYOM WT AZ) 
YR tac) 
arop> 
Fo PAZ | 
SFP BHaz 
WET AT 
Wrage 
WO Pape 
727 
Weer prey 
wpay ORPVTy 
TAT 
7 | 
“7?” P- IDA 
I ary, 
AVAL 
mony <1. oe 
et WPF | 
' 
| 
~] 





EERE TI i lain: lt hill ales ate: ag “ 


pepenmret nrc 


*09/0¥) 
‘SLNIWATY AIVINVA ONY 


ONLLVY LYOddy NOds) 


LNVISNOD OLNI 





bal, 





THOT BOTA 









Br CLITA IPT YS Vy 
— 7127, iva 


LO Sa elsel raz 


OY Ee 


ab Aiialyak/ 4 





A lee 


taPadwea-rabe aren ss | 
y celle 2177) 
—y07 5 PPT 137 
) <7) 7 OV 
—_ Ay by 


sca 


32) 70190), 


rebeleeier 


ee ee ee 


O- aL 


™ iv 





on 


dOls 


WPT STORW WAS 
FO SU 5M IM FO BO COED AEC 


WW or 


NOLLVWadG) FHL NMOG ONINVaug dO 








M |77| 27 |o0 |e >| Palze 7b? LID 


S7\e "DFA 7A 


s 





~ rey 
ore 


va 


eth Sea On et com RET elf Io «im 


doHLIW— ‘Oly 


VIO vay — 


ML Ik 
SH? 2707 
prerkyes 

BOP2 ory 

we Breer | 


cr 


aA | 
rams V4 “4 4a) 
TI 2 MP Ty 
ATVI 

Wer 

Wa verr 

7 VARY 
¢ 777 } 
rao 2 he ani 
2, VRP ba 


4 


—— - 
ZO, 


Orr s A 


rheeesneshoertnnehteehass 


rl 4tvig | 


—— 


eng we 





Put CARROLL, JR. 507 


speeds. Some are slow or not interested in their work. Time studies 


frequently have been rated as low as 20 units per hour, or one- 
third of normal production. The highest rating given within the 
experience of the writer was 120 units per hour or twice normal 
production. In the range cited, the performance of the best 
yperator was six times as good as that of the poorest. 


12. Beside the variations that occur between workers, there 
is the change in pace over the working day. The ‘‘average’’ oper- 
ator usually will begin the day at a Speed somewhat below normal. 
Production will climb to a peak well over his average, shortly 
before the lunch period. Afterward, production will again climb 
to a peak equal to or greater than that obtained before lunch, and, 
from that point on, steadily decline until quitting time. 


13. It is quite common to find that the good, average operator 
working on incentive will range from 75 to 135 per cent of normal 
on any working day. The total change approximates a 60 per cent 
variation. 

14. These two extensive variations in the rate of performance 
must be considered if one is to obtain correct incentive standards. 
Some time study men attempt to get around these hazards by 
‘selecting the operator’’ and waiting for a ‘‘normal performance.”’ 
If they can correctly judge when they are studying either of these 
two conditions, so frequently requested, they can just as correctly 
take the study under the conditions as they find them. 


15. Judgment must be used to determine what the relation 
is between the performance observed and that of a normal opera- 
tor. Judgment can and must be trained to correctly rate the per- 
formance because no substitute has yet been devised to exercise 
judgment for us. 


16. Mathematical formulas will not do it because the 
answers obtained from them can be no better than the starting 
information. Regardless of the gyration through which the time 
study man may go mathematically, the result he obtains can be 
nothing more than some modification of the average. If he starts 
with a certain unit hour performance, he will get an answer that 
is proportional to it. If he inserts time values obtained from a 
performance at 120 units an hour, the results will be proportional 
to the starting figures. Using times obtained from a study taken 
of a 40 unit hour performance in the same formula, will produce 
standards three times as great as caleulated for the 120 unit hour 
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performance, and 50 per cent greater than they should be. The 
extreme difference between these two sets of readings cannot be 
closed up by mathematical operations. 

17. Those who have been wondering why their individual 
time study standards produced results all over the map should 
read the two papers entitled ‘‘Effort Rating’’ given by Ralph 
Presgrave.* 

18. One must clearly understand these two important phases 
of time study—detailed element breakdown and effort rating— 
before the results can be considered to have practical value. One 
dictionary consulted has six subdivisions of the definition of the 
word ‘‘practical.’’ One is: ‘‘governed by actual use.’’ Another 
one says: ‘‘having reference to useful ends to be attained.’’ 


19. Time studies that are not completely detailed are prac- 
tical according to the first definition but not when one thinks of 
time study as a means to an end. Neither definition would permit 


one to use time studies that were not properly rated for actual 
performance. 


Comparison Sheet 

20. If we have a number of time studies that have been taken 
in complete detail and properly rated, we can begin to prepare the 
hypothetical study which contains all of the elements of the opera- 
tion. One simple way to accomplish the result is to arrange these 


time studies on a large sheet of paper. For want of a better term, 
this is called a ‘‘comparison sheet.’’ 


21. The comparison sheet is somewhat like a great big time 
study page. The elements are listed down the left side and the 
standard times are recorded in the spaces opposite, one column to 
a study. Standard element times only are recorded because actual 
times are not comparable with each other. 


22. Sufficient studies are taken to include the extremes in the 
range of sizes likely to be encountered in the type of work under 
observation. The complete range should be observed because it is 
very important to obtain the correct overall relation between 
standard times and the dimensional factors which control them. 
Constant Times 

23. Some of the elements of work studied have times which 
are constant within the range observed. Their standards are 


*Member, Society for the Advancement of Management's National Committee on 


Rating. “Effort Rating, Advanced Mot, Fall 1939.” “Effort Rating” Industrial Manage 
ment's Society, Chicago, Nov. 1940. 
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determined similarly as one would select a single value from a 
number of readings on an individual time study. The standard 
for a constant element is the same for a given set of conditions 
every time it is applied to any work done in the shop. 


24. If a number of time studies used to set individual 
standards were to be examined, they would have many different 
standards for the same constant elements. On the comparison 
sheet, one will also find several different standard times for a 
particular constant element. But this source of inconsistent 
standards is ironed out by the consolidation process of standard 
data preparation. Only one standard is established from the 
comparison sheet for each of the eonstant elements. 


Variable Analysis 

25. The other class of elements found in a range of work 
is called variable. ‘‘Variables’’ are elements of work which 
normally change with the size of the product. The variables are 
analyzed by pletting the standard element times against dimen- 
sional factors which measure the amount of work done. 


26. Perhaps the most important part of standard data 
preparation has to do with the treatment of variables. To gain 
consistency over an entire range, it is necessary to study many of 
the sizes involved. But, it is most important to study the extremes 
in the range because they have such an important bearing upon 
the slope of the curves to be plotted. Here too, is where the time 
study man can be very practical. If he waits until he has collected 
a half bushel of time studies before beginning the analysis, he is 
sure to find that the majority of observations have been made of 
work in a relatively small portion of the range near the average. 
Therefore, he should begin the plotting of curves as soon as studies 
are obtained to spread his observations over the complete range. 


27. Curves have been found to be the most convenient vehicle 
for analyzing standard times which vary with dimensional factors. 
However, it is recommended that the solution obtained from the 
plotted curves be reduced to tabular form for more rapid and cor- 
rect use. One test made to determine the efficiency of the form 
of the data has indicated that curves require approximately 50 
per cent more time to use than tables. This same test brought out 
the fact that the probability of error in reading curves was ap- 
proximately 150 per cent greater than when standards were deter- 
mined from tables. 
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512 PRACTICAL TIME STUDY MEASUREMENTS 


Explaining Standards 


28. Tabulated standard times are much more understandable 
by the average workman and the foreman. To them, curves appear 
as something very mysterious. Even if curves were more efficient 
than tables, it would still be recommended that tables be used 
because of the greater ease with which they can be explained. This 
is a very important point which many time study men completely 
overlook. Too many time study men forget that they are mem- 
bers of a staff created to help the workers increase their earning 
capacity and the management obtain more production. Unless the 
shop group feels that the standards are fair, and more particularly, 
work to earn more than 20 per cent premium, the wage incentive 
standards have not served their purpose. Likewise, the time study 
men who established the standards have not properly fulfilled their 
function. 


29. To accomplish the desired ends of wage incentive, it is 
therefore necessary that those who work with, and are measured 
by, the incentive standards must understand them and have 
sufficient eonfidence in them to ‘‘step out’’ to earn real money. 


30. Standard data can be explained to both workmen and 
foremen by the simple method of establishing standards with their 
help. This demonstrational method of explaining how standards 
are set is extremely helpful in the early stages of an application. 
By repeated efforts in this direction, a whole department eventually 
ean be sold on standard data to the extent that it will be confident 
that any standard determined from the data will be fair. 


31. The explanations are facilitated greatly because standard 
data produces more consistent results. The element times allowed 
are the same for identical work. The operation standards are fairer 
because the composite includes studies taken by a number of ob- 
servers on all kinds of work of a given type performed by 
practically all operators in the group. The resulting definition of 
normal work requirements is sure to be representative of a ‘‘fair 
day’s work.’’ 


32. The personalities, as well as the personal errors of the 
individual time study men, are eliminated through the consolida- 
tion of their observations into one set of impersonal, recorded 
answers. 


33. The impersonal nature of standard data is very important 
in these times when good industrial relations are so vital. 
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34. Naturally, when the basic element standards are used 
over and over again to determine operation standards, at any 
time in the future when new methods are used or new designs 


are made, the time study cost per standard is substantially lowered. 
The cost of standard setting by the data method on work com- 
parable to that covered by the 


ce 


direct method’’ previously cited, 
was found to be $0.25 per standard instead of $1.75. Reducing 
the cost to one seventh of its former cost is an improvement too 
substantial to be side-stepped. Nowadays, when trained time study 
men are almost impossible to find, any medium which will permit 
those men available to turn out seven times as much work per day 
is certainly worth management’s most critical attention. Very few 
mechanisms that can be introduced into the manufacturing depart- 
ments, will produce any such improved use of skilled man-power. 


Form of the Data 

35. Most of the reduction in costs per standard indicated by 
this test ean be credited to the substitution of standard data 
methods for the individual time study standard. However, there 
are other modifications to be considered similarly, as was mentioned 
in connection with the comparison of tables and curves. The form 
of the data may be likened to the set-up of the workplace. 


36. Aside from the all-important attainment of consistency 
in standards, the chief benefits gained from its use result from the 
repetition in application of element standards obtained from a 
relatively few time studies. We all know that one of the primary 
objectives of time and motion study is the elimination of unneces- 
sary work. The more often a motion is repeated, the more total 
production is improved by its elimination. The same is true in the 
standard setting phase of time study work. 


37. Standard setting by the data method involves, first, some 
form of mental motion study to determine what elements are 
necessary. Then, the standards which apply to those elements are 
recorded in some form preparatory to adding to secure the total 
operation standards. Here is where the design of the form to be 
used is of major importance. 


38. To begin with, many of the elements in a given type of 
work are so related to each other that they can be grouped into 
sub-totals. One of the simplest examples is found in opposite ele- 
ments like ‘‘Pick-Up’’ and ‘‘Lay Down.’’ Except where ‘‘Drop 
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Delivery’’ is in effect, we can be sure that if one of these elements 
is performed the other is sure to follow. The obvious combination 
to make will permit the use of the standard for these two elements 
as a single total. Other elements may be related to each other go 
that combinations can be made of several. Perhaps an analogy 
would make this somewhat clearer. 


39. Suppose we want to drive from New York to Phila. 
delphia. There are several ways to leave New York and almost 
as many ways of entering Philadelphia. In between, there are 
several very good roads that one could take. Each of these roads 
will pass through a number of towns. Several of these roads will 
pass through the same towns. If we listed several itineraries of 
the trip, New York and Philadelphia would appear at the begin- 
ning and ending of each. Elizabeth might be listed on several, 
Newark on others, Trenton might be named on two or three, 
Camden on two or three, Norristown on one or two, and so on. 
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ELEMENT 140 | 180 | 220 | 260 340 _| 380 _| 
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rag Flusk Volume ~ Cubic Inches _ 

400 | 600 800 |1000 |1200 [1400 | 1600 
Shovel Heap Sand 012 | 15 | 017 | -20] .23 | -26.] .28 
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40. Each grouping that can be arranged of elements which 
will repeat in definite combinations, accomplishes two beneficial 
results. Without unnecessary mental effort, the standard setter 
ean apply the correct group total and avoid the errors of omission 
and commission. Beside, the clerical error made possible any 
time several figures are added together, is completely eliminated 
so far as each group is involved. 


41. The time and energy to be saved by good design are of 
two kinds. The first, and most important, has to do with the clarity 
with which the conditions governing the application of element 
time standards are set forth. When the skill of the standards 
setter must be wasted in trying to determine whether to use this 
value or that one, little productive work results and errors are 
created. Most of the difficulty in this connection arises from the 
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fact that the analyst, who prepares the data, knows it so well that 
he assumes everyone else does. He neglects to take the time to 
clearly define exactly when the standard times are to be applied. 
Consequently, the standard setter is forced to make many deci- 
sions which involve the loss of time inherent with a mental process. 


42. Another consideration necessary to make standard setting 
more practical, is the reduction of clerical effort. The greatest 
savings come through the elimination of writing. Most of us will 
agree that a good time study man is a poor clerk. Anyway, good 
business would dictate that a skilled time study man be relieved 
of all unnecessary clerical work. 


43. Clerical detail is greatly simplified by duplicating the 
standard data on the sheet of paper used to set the standard. It 
ean be reproduced on the face or the back of any convenient sized 
sheet, or the time study paper itself. The elements can be exactly 
described and their standards arranged alongside for convenient 
reference. The specifications which govern the application of the 
variable elements can be clearly defined. At the right side, two 
columns can be provided, one, to accommodate the multiplier, and 
the other to record the extensions of the multipliers by the standard 
times. Provision should be made at the top for noting the part 
number, date, job specifications and any other important details. 
Combining this information with the details of the standard, is a 
convenient and important simplification. 


44. When small tables are inserted on the sheet for extending 
quantities, the multiplier would not be necessary because a circle 
ean be drawn around the element standard used. This will locate 
it properly under the column headed by the multiplier. These 
details may seem trivial, but the same attitude should be taken 
toward the elimination of any unnecessary work in the standard 
data process as obtains when we view productive operations out 
in the plant. 


45. Making the time studies produce results over and over 
again has another advantage besides those of consistency and 
economy, which have already been stressed. When standards are 
to be predetermined for the one piece orders, such as are found 
so frequently in foundries, the standard data method is almost a 
necessity. The individual time study method cannot be used be- 
cause one piece jobs will be finished before the study can be com- 
pleted and the standard set. In the writer’s opinion, wage incentive 





PHIL CARROLL, JR. 


SQUEEZER MOLDING SPECIFICATION 
oars Mdag LS LPL. a. part wu.__ 77 7 ZF 
pattern mgel SIZE Lk ALY 


LOOSE —— MUONTED PART NAME GABA 
SPLIT FOLLOW BD. _weieur._ #2 sto. PEA MOLD___Z 


DEPTH OF DRAW 1N INCHES 

















mETAL] FLASK | COPE 
SIZE DRAG 1-1/2 2-1/2 











12" x12" COrh | .: -80 0) } 1.00 


12" x14") Dau G29) Loko 


12"x12"| COPE O {1.00 











12"x14"| DRaG 5 13.3 3.40 





1.10 





10" x19" 
4-40 






































MISCELLANEOUS DATa 





Set soldiers 





Set job nails 





Vent (cope, drag, or side) Vent 





Blacken mold 100 sq. inj 





Water mold after draw 10 Lin. ing 





gete Gate 





Set, cut & ream risers Riser 





Special ram (drag or cope) 100 Cu. in 





























Put paste on cores Sq. inch 











CLASSIFICATION of | Range 
Type | Cu. In.} 1 4 5 6 7 8 
cD O-10 1 210 282 oa 735 | 401-45] - 
Stock Cores 6 10-20 al5 230 | 2355) 240 | 45 | 50] 255 
20-50 | 20] .30 | .35 | .40| .45 | .50 | .55] .60 
_0-50 | 2201.30 1.40 | .45/ .50/.55].601. 
Reg. Block or §_>} 50-100 | .25 | .40 | 45 50] 55 | .60 = “ 
Cyl. Cores 100-200 | .35 | .45 [.50 | .55| .€0| .65 1.70] .75 
~50 | 2301.35 1.45 | 250] 255 | 60 |,651 70 
Irreg. Block or de? 50-100 1 4401.45 1.50 | 255] .60 | 65 |.70] .75 
Cyl. Cores 100-200 | .50 | .55 [.60 [| .65]./0 1.75 | .o0| 85 


TOTAL STD..PER WOLD _&o57] 
DIVIDED BY _f CSTUS. STD. PER CASTING__ USE _4@ 


CORE SETTING Sketch Vol. CORES SET 
3 













































































Fic, 7—By Listrnc THE Various ELEMENTS, SPECIFICATIONS, AND MULTIPLIERS AS WELL AS 
Part Numper, Dare, etc., ALL on ONE SHEET, THE Maximum CONVENIENCE 18 OBTAINED. 








— 











518 PRACTICAL TIME STUDY MEASUREMENTS 


cannot be applied practically except when the worker can be 
informed what his standard is to be for a given job when the work 
is assigned. 


Mechanics as Standard Setters 


46. The practical approach to the predetermination of stand- 
ards is comparatively simple. It is accomplished by first training 
skilled mechanics in time study and then teaching them to apply 
the standard data to the processes with which they are thoroughly 
familiar. In jobbing work, it has been found entirely practical to 
bring skilled mechanics into the standards department for training. 
Approximately 50 per cent of the man power required to do the 
time study work has been procured from the shop. The mechanics 
have been selected for skill in their trades and also because of 
their ability to sell themselves. Some think that mechanics do not 
make good time study men because, as a rule, they do not turn out 
a neat time study. But they do understand the work. They do 
know, from first hand knowledge, the essentials of the work to 
be done. 


47. After a considerable training in the details and applica- 
tion of time study methods, trained mechanics can see where many 
improvements in methods can be brought about. They do absorb 
the time-cost relationship between work done and the finished 
product. 


48. Time study training enables them to relate the element 
standards determined to the details of a job to be done. In addi- 
tion, the studies they take are incorporated in the standard data. 
As a result, the mechanics have confidence in the conclusions 
reached. From that point on, these doubly trained men can put 
together the motions their experiences indicate to be necessary, 
with the standard times that apply, to produce the job standard. 
This combination of skills is most effective when applied to the 
predetermination of incentive standards for one piece orders. 


Measuring Miscellaneous Operations 


49. It should be apparent to most of you that it is only one 
more step to the measurement of miscellaneous operations. Much 
work of this kind is passed by from the standpoint of incentive 
because its measurement appears to be neither feasible nor profit- 
able. This is particularly true of operations like casting cleaning, 
pouring and shake-out. Measurement of work of this type is par- 
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ticularly important because many foundries carry these large items 
of labor cost in overhead for lack of a better way to handle them 


50. Casting cleaning, especially, should be made a direct 
operation because it varies over a wide range determined very 
largely by the product itself. The customer who buys the com- 
plicated casting or requires an unusual finish should be billed for 
all work done. However, he usually pays an average cost of casting 
cleaning because the foundry puts that charge into overhead. 


51. Some of you will say that it is impossible to put casting 
cleaning on direct incentive. Because no two castings are alike 
is a good reason why time study measurement might fail when 
approached from the standpoint of individual study. But, there 
is a very definite repetition of the elements in the work of cleaning 
eastings that can be reduced to standard data. When this has been 
established, it is entirely practical to set up the standards for an 
individual casting or a lot. This particular operation has been 
measured so often that there can no longer be any question of 
practical application. 


52. Much the same can be said for pouring and shake-out 
but, of course, these two elements of cost are normally not so large. 
Nevertheless, they do vary with the type of work performed and 
should be measured. 


53. And, do not think for a minute that the measurement of 
these, or any other foundry operations on a pound basis, is agreed 
to as being correct. 


Measurement for Costing 

54. Many foundries think only in terms of pounds. In their 
thinking, they manufacture and sell by the pound. Generally 
speaking, this is decidedly incorrect. We all recognize the difference 
between the job with no cores and one that contains many. It is 
easy to see the difference between 100 lbs. poured into something 
solid and another 100 lbs. poured into a casting which is hollow. 
The cost to make one pound of hollow easting is more, for several 
reasons. In the first place, all of the cores must be made and set. 
Then, the mold itself will be substantially larger. That means 
more work and more space. The larger casting will be more diffi- 
cult to shake out. Certainly, the removal of the cores and rods will 
be more difficult and the chipping and grinding will probably cost 
several times as much as for the solid casting. 
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55. It is to be regretted that many foundries do not yet 
realize the errors involved in their per pound thinking. Even if 
time study were never used for incentive purposes, in many foun- 
dries it would pay for itself if it served for nothing more than 
the development of the cost of the different types of castings. It 
would have economic value because it would help to produce the 
proper price structure to supplant the average per pound price 


used by so many foundries. 


56. When the foundry wants to get a casting machined, it 
is quoted a price based on the amount of work done. Most machine 
shops obtain their basis for pricing from operation times, deter- 
mined from time study. They follow this procedure whether the 
product is made from sheet, bar stock, or casting. Why should the 
foundry determine the price of the same casting on the basis of 


weight instead of work 


57. The labor involved in making the casting is oftentimes 
overlooked again in considering the probable scrap involved in 
producing a job. Experience would seem to indicate that this con- 
dition is further exaggerated by the greater tendency of the com- 
plicated castings with the high work content to become spoiled in 
pouring or casting cleaning. Foundries seem to have more failures 
in the complicated castings than with the simple ones. All of these 
points are raised to indicate, if possible, why the measurement of 
work done, regardless of the type of operation, is essential to 
proper pricing, particularly in the foundries where the pound 
instead of the piece has been the measure. 


08. Since we have touched upon one phase of overhead ap- 
plication it might be in order to bring out a few more points in 
this same connection. Productive operations should not be placed 
in the overhead simply because they cannot be measured. That 
was done not so very long ago in one of the leading foundries. 
It should be apparent that operations performed directly upon the 
product should be classed as productive and measured by time 
study. 


59. With a measured labor denominator, it is entirely pos- 
sible to apply overhead directly to the product. The machine-hour 
rate method might be used to illustrate. In simple terms, we might 
say that a machine-hour rate is the cost to rent the machine for 
one productive hour. 
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60. Now, when someone buys a casting, he should pay rent 
for the foundry facilities that were used to make the castings. The 
rent to be paid should be related to the time standards allowed to 
make the easting. 


61. For simplicity, we can forget that the rent should be 
higher on the fioor than on the bench. It ought to be higher on 
some big molding machine than on the floor. The point is that 
the rent should be applied in some proportion to the time required 
to process the casting and not on its weight. Here is where time 
study measurements might very easily prove to be more valuable 
than for use as a basis for wage incentive, if one must choose. It 
is obvious, however, that incentive will provide the means for in- 
creasing earning capacity and thereby assure that anticipated cost 
determined from standards will have a greater probability of 
realization. 


Other Controls 

62. Time study measurement can he extended into other 
types of managerial control. Budgets can be estabiished to measure 
the relation between the several elements of expense ana the 
productive results in the foundry proper. Just as there are classes 
of castings, so there will be classes of expense that apply to them. 
These separations are refinements that are necessary when there 
is any substantial difference between the types of products turned 
out. Budgets can be made to assist in the control of costs, the 
proper allocation of expenses by lines of products, and also to 
serve as the basis for incentive rewards to those who show results 


in the control of costs. 


63. Time study measurement of all types of work is exceed- 
ingly important if any attempt is made to plan production. Plan- 
ning is almost vital in these times of defense preparation. The 
scheduling of production without reliable time standards and in- 


centives to insure their attainment seems like a very impractical 


undertaking. So here again, we have another important reason for 
time study measurement. 


64. Planning is not very reliable if only a portion of the 
production is measured. Consequently, it is essential that all jobs 
be measured, for otherwise, there would be too many unknowns in 
the total plan. It is here that the predetermination of standards 
for the small lots and one piece orders is so important: Measure- 
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ment of this type of work is practical to do by the standard data 
method. 


65. Time standards and incentives seem very essential to the 
greater utilization of skilled man-power and plant facilities. Both 
of these are extremely important in the procurement of sufficient 
material for defense purposes. That applies equally well to 
machine shops and to foundries. 


66. In foundries, the practical application of time study 
measurement and incentives seems to have an additional element 
of importance. Foundries can further profit by the use of these 
in helping to correct certain misconceptions of costing. From the 
standpoint of the overall results, the use of labor measurement 
may prove to be more valuable from this standpoint of profit 
determination than from the considerations usually attributed to 
time study and incentive. There is no question that both can be 
applied to foundry work and meet all of the definitions of practical. 


SUMMARY 

67. Because many foundries have a fairly high percentage 
of jobbing work, it is recommended that the measurement of labor 
be approached from the standpoint of the standard data method. 
This technique is not new. It is common sense applied according 
to the principles devised some 50 years ago by Frederick W. 
Taylor. But it is peculiarly adaptable to the measurement of non- 
repetitive operations and for that reason will meet the foundry- 
man’s specifications of practical. 

68. It is not only entirely practical but much more economi- 
eal. Meagre tests show that incentive standards can be set from 
data for approximately one seventh the cost to obtain standards 
by the direct time study process. 


69. Standards determined from the same basic data are sure 
to be very much more consistent over the entire range. Consistency 
makes for greatly improved industrial relations, and the improve- 
ment is extended because data standards can be explained to 
supervisors and workers alike. 


70. By means of standard data, time study efforts are effec- 
tively applied again and again to measure small lots and miscel- 
laneous work. This can be done practically because every job is a 
combination of element time standards which have been deter- 
mined. Standards for new work can be predetermined and this 
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process is improved when skilled mechanics assist in applying the 
data. 


71. But, labor measurement for incentive purposes is only 
one of the benefits to be derived from properly conducted time 
study efforts. Sometimes, it is not the most important one because 
correct costs and pricing may produce substantially greater changes 
in the profit and loss statement. 


72. However, standard data is not a cure-all. It is only a 
tool—a means to an end. Its effectiveness results from its almost 
universal application toward the complete measurement of all 
work. When this is done, management can take advantage of the 
possible extensions of labor standards into other controls and 
thereby make the effects of good measurement more intensive and 


cumulative. 


DISCUSSION 
Presiding: F. E. WArTGow, American Steel Foundries, East Chicago, Ind. 


Co-Chairman, W. E. GEORGE, Campbell, Wyant & Cannon 
Fdry. Co., Muskegon, Mich. 


Co-CHAIRMAN GEORGE: Mr. Carroll has outlined an excellent method 
of using time study in foundry work. Some of you who are not en- 
gineering minded, may have wondered why the program of this session 
combines job evaluation and time study. Perhaps some of you also 
are wondering, if you have a union situation or a company policy against 
piece rate cutting, “How are we going to use time study to reduce our 
costs?” A union or a company policy that recognizes the value of job 
evaluation will also permit cost cutting when it is done properly. 


It should not be the time study man’s job to cut a piece rate. If 
the management will say what a job is worth for the grade A molder, 
that we expect him, we will say, to get $1.00 on day work, and maybe 
$1.30 on piecework, or if the management will say that over and above 
our day work rates, we expect our good piece workers, working hard, to 
earn certain levels, and then name those levels as 20, 25, 30, or even 50 
per cent above the day rate, then the management has done the first 
thing necessary and taken the first step to introduce good time study 
into a shop. 


Such a policy takes the burden off the poor time study man, who 
may be just a young fellow who is trying to get along and make a good 
impression both on the workers and on management. It is the manage- 
ment’s responsibility to take Mr. Kress’s step and say, “This is what we 
expect good workers, working hard, to earn when they go on production 
standards, on wage incentive plans, on time study, piece rates, or what- 
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ever you want to call it.” The management should say, “This job, for 
a good man, working hard, is worth 80 cents, 90 cents, or $1.00.” 


Then it becomes the time study man’s job to say, in terms of these 
man-minutes, or the standard hour that many companies use, “This job 
should pay at the rate of one standard hour per piece, or one standard 
hour per 100 pieces, or 3 minutes per piece.” The time study man does 
not have an argument then with the individual worker; the worker 
cannot say, “You cut my piece rate.” The time study man merely says, 
“I set the standard time on the job. Can you meet it? The company 
has already decided, and the union (if there is a union in the picture) 
has already agreed to the fact that this work is going to be worth 90 
cents an hour for a good man working hard. Now, I, as the time study 
man, have set the standard. Can you, the worker, go out and meet my 
standard? If you cannot, let us find out why.” 


And when standards are wrong, do not feel for a minute that it is 
definitely the time study man’s fault because the material may not be 
the same, the machines may not be working properly, the service may 
not be what it should have been. The man’s skill may not be up to the 
skill of a good man, if you use that definition of a good man working 
hard. All those things can happen, as well as the time study man or 
a rate setter making a mistake. 


I particularly like Mr. Carroll’s method of setting rates, in that it 
relieves that human element. If you time the ramming on a molding 
machine and let three or four time study men time it, or you let them 
time 20 or 30 different jobs, you do not get the same answers always. 
If you use that individual study to set those rates, you will find that on 
almost identical jobs made for two different customers you come out 
with different rates. Why? That is the error of the time study man, 
the fallacy of that time study method. For that reason, I think that 
we all would do well to go very much by this method that Mr. Carroll 
advocates, that is, to group a great number of time studies, get the 
averages right, and then, in the future, do not time study that in- 
dividual job; get out there and use your standard data; use it from 
the book. The time study man can go over the job with the foreman 
and the worker as the job is planned, as the job can be done, pick out 
the right steps, add them up, and get the right answer. 


Many a time, when I have used standard data, I have had a worker 
say, “You left out a step.” Then I would take my time study sheet right 
out to him and show what I put in and what I did not put in. If we 
found any essential step left out, we put it in. The argument becomes 
much less with the union and with the worker when you have used as 
fair a method as Mr. Carroll is advocating. Thus it is possible, under 
union set-ups or under company policies against cutting piece rates, 
to reduce costs by a fair method of combining job rating and time study. 


I am throwing that thought out because I have found that a 
question so often in management’s mind is, “How can I use one or the 
other, or how can I use them both, when I have a union shop, or I have 
ironclad policies?” 
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C. F. HAERTEL!: Mr. Carroll, has your method of gathering stand- 
ard data on large work been successful? I have in mind work with 
flasks, probably 10, 12 or 15 ft. in diameter, which will employ about 
four men in a group on the job and that will take in the neighborhood 
of 100 to 150 hours to complete. 


Mr. CARROLL: Yes, but I would like to clear up one point before I 
answer the question. Standard data is nothing new. Taylor laid down 
all the basic principles of standard data operation 50 years ago. Maybe 
| have put it to work as much as anybody. 


To answer your question specifically, the principle behind the whole 
thing is to record those elements of work which any group is doing. It 
would not make any difference whether it were small or large molding, 
small or large machining. You do run into a difficulty there, which I 
prefer to avoid if it is possible, of having a group standard based on 
four men, or perhaps three, but you run into that regularly where 
you have the molder and helper, even when you have one helper work- 
ing between two molding machines. Nevertheless, measurement is en- 
tirely possible. As you realize, not all plants have big work. There is a 
much higher percentage of measurement on small work, but data has 
been successfully appplied to the molding of such things as the huge 
beds for planers and the like with equal success. 


The point is this. We are faced with a situation. Are we going 
to put incentive on this large molding or are we not? And, having 
decided to put it on, how are we going to approach it? Well, the fore- 
man cannot guess, because he has no notion how long it ought to take. 
He knows how long it does take. The next point then is, will we take 
it by the direct time study method?—in which case we will have to 
time practically every job, because the big jobs repeat with much less 
frequency than the little ones. Or, are we going to time, shall we say, 
for six months, or maybe two years, until we get enough of a repetition 
on those elements involved in the big job to get such information as 
was shown here as examples? When we have attained that state, then 
we can analyze the amount of work involved in the new job, as well as 
all of those that repeat, to predetermine what the standard times 
should be. 


That, to my mind, is not nearly so difficult as measuring a tool 
room, for example, or a maintenance department, in which case, the 
data method is the only practical solution. 


Co-CHAIRMAN GEORGE: Getting back to jobbing work, and to the 
time for job changes. How do you recommend handling them, as a part 
of the piece rate or the standard allowance, or as a separate standard, 
or on day work? What allowance do you advocate for the piecework 
change, whether a man is going to a job involving one piece, 10 pieces 
or 100 pieces? 
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Mr. CARROLL: You have almost answered the question. Day rate js 
no good because it would be unfair. Proration in the standard time is no 
good because the fellow will lose out on the quantities smaller than the 
number over which you prorated the set-up. And, the company will lose 
out on the quantities greater. There is only one satisfactory solution 
and that is a separate standard allowance which compensates the man 
for the change-over, whether or not he makes one piece or fifty. 


Co-CHAIRMAN GEORGE: Should the change-over involve the making 
time of the first piece? 


Mr. CARROLL: No. But, it should include the difference between the 
making time of the first, second and third, shall we say, until he gets 
under way. That ought to be taken back and put into the set-up, but 
I would not advocate the inclusion of the first piece in the set-up, because 
I am thinking beyond into the managerial controls that might be worked 
out. For those, you want the summation of productive effort turned in 
as your denominator for cost controls, and you would also want that 
first piece normal time along with all the others, because many shops 
have only two or three pieces, 


L. C. McCANLY?: In assembling these data, there is involved, of 
course, the rating of effort. I wonder if Mr. Carroll would discuss the 
rating of effort, how you determine when a man is a 50 per cent man or 
a 100 per cent man? 


Mr, CARROLL: Trained judgment alone. There is no mathematical 
process that I have yet seen which will do anything more than modify 
the average time. The average of a 50 per cent performance will be 50 
per cent. I like to think of it this way. If you had the time and the 
inclination to stand out on the corner to watch automobiles go by and 
had a means of checking their speed, in less than 30 days you would 
be a very good judge of how rapidly or how slowly a truck, a bicycle or 
a horse and carriage went by. It is that same process which is used to 
train the time study man to see rate of motion. That is his gauge as to 
the relationship his time study bears to a normal performance. I make 
no claims that time study data or time study standards can ever be ac- 
curate, but they can be consistent, as Mr. Kress so ably brought out. 
It is consistency that is more vital than accuracy, 


I will go a little further. One of the ways to train the men to rate 
is to begin with someone who knows from experience. I have always 
said that a man could not call himself an expert time study man until 
he had handled four groups of workers and four managements. What 
I have basically in mind is that he be a fair judge of good performance. 
Now, he can take a number of men who have basically sound judgment 
and train them to see very nearly the same thing he sees when he is 
looking at a performance. We will discover that some of the time study 
men rate loosely; others will rate tightly. I have yet to take a skilled 
mechanic from either a machine shop or a foundry for training in time 


study who has not been tight in his rating. 


*General Superintendent. Rockwood Mfg. Co., Indianapolis, Ind. 
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When you know that the observer rates tightly one time and loosely 
the next, he might better be passed on to some other kind of work, 
because he will never do satisfactory work as a time study man. 


Try this out. Take a deck of cards and begin to deal four hands 
of bridge. Measure that against the watch and say you are going to 
work normally. Now, if you have completed the dealing of four hands 
in half a minute, then you are doing it at about a normal rate. Then 
say to yourself, “I am going to work at 125 per cent of normal,” and 
make your own increase in speed and then check with the watch. You 
will not miss it very far. Then say you are going to be a 50 per cent 
worker, and try it. You will have a hard time slowing down to it but 
you will not miss it very far. 


Over a long period of training, you can get the time study man to 
see very closely the relationship between the rate which he is actually 
observing and the normal that he has in mind. That is particularly im- 
portant because the average operator working for a time study man 
in whom he has confidence will work faster than normal. You will get 
tight standards if you can not evaluate such performances. 


Co-CHAIRMAN GEORGE: Do you find the same worker working faster 
in the morning than he does late in the afternoon? You will have to 
recognize that in your grading. 


Mr. CARROLL: There is a range of between roughly 70 per cent of 
normal and 135 per cent of normal for the good worker on incentive 
from morning to peak production, which may occur just before lunch 
or just after it, depending on the worker. You have that much of a 
range to contend with just in one day; and, of course, we all know the 
difference between Monday and Tuesday. 


CHAIRMAN WARTGOW: To add a little comment to Mr. Carroll’s 
question that he answered just before the last statement. I would like 
to take a new fellow that I am going to train for time study work in 
this way. I keep him around the office for a few days and let him write 
up some of the rates and things like that. I do not even bother him 
with the watch just because as soon as you talk watch to him and ask 
him if he can read it, he gets confused. Then I like to take him out 
in the shop and stand back of a bunch of chippers or grinders and let 
him watch the different men in the simple operations, picking up a 
casting and dropping it. On grinding time, it is quite hard for a fellow 
who has not done any of that work to form any judgment, but he surely 
can learn quickly by watching 4, 5, 6, or maybe 10 or 15 men pick up 
a simple casting of about the same size and weight and drop it into a 
box. After we do that for a couple of times, I tell him to take his watch 
and I say, “Time this fellow at the end and see how long it takes him 
to pick up that casting and place it to his wheel and then how long it 
takes him to drop it.” Then I take him to the end of the line, maybe 
15 men away from him, and I say, “Now, time this fellow and see how 
long it takes him to pick it up and drop it,” and the first thing you 
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know, he is quite consistent in his timing of picking up and dropping 
castings. That is the basis of the effort rating. 


Co-CHAIRMAN GEORGE: One thing Mr. Carroll has not talked on 
much yet that is highly important and that is the need of standardizing 
work before you set your standards. Take this man who is picking up 
and grinding and dropping castings. If you put two grinders on 
machines side by side and have them work out of the same supply bin, 
one man walks 3, 4 or 5 ft. farther than the other. Any standard is 
based on a presupposed method or standard way of working, but how 
well do you tie your standards into that time study method? I mean, 
how well do you tie your time study standard into a standard method 
of performance? 


Mr. CARROLL: You must have standard specifications to define 
the time. In casting cleaning, for example, you should not set a 
standard for an average condition of removing %-in. of fins and expect 
it to apply to %-in. That is where, again, your data comes in to use 
for such operations as casting cleaning, which lots of people put into 
overhead, because they can not measure it. It is one of the largest single 
variables in your foundry operation. It is certainly direct labor, because 
it is one of the chief differences between the casting that Jim Jones 
buys and the one that Tom Black buys. So that, with data, you have a 
ready means for allowing a chipper the proper time for whatever 
conditions he must contend with today. 


Much can be done in closing up the variation in those conditions 
by having the molder do a little less rapping, having the pins on the 
end of the flasks fit a little better and not having the molder go half a 
block for material when it could be within a few feet. 


In your core making, you often find the rods scattered all over the 
place. One of the first things you ought to do, if you want to save some 
money, is to get them straight and get them in a box within the reach 
of the core maker. It will not take many hours of walking around the 
shop—what I call “hunting time’—to pay for some orderly arrange- 
ment of supplies. 


But you cannot expect to use broad averages that allow for 10 ft. 
today and 25 ft. tomorrow, or for a bunch of rods that are tangled up 
today and some straightened ones tomorrow, and have any kind of 
resemblance between the worker’s effort and his earnings. 


I was hoping that subject would not come up, because I seem to 
disagree with everybody on the question of whether or not to get all of 
your conditions perfect before you set a standard. I do not subscribe to 
that principle because, in the first place, when you go out and ask the 
operator to change his method and then time him, you observe an un- 
skilled performance. In the second place, most of us have not got time 
to wait for perfecting the conditions. You look in shops that have that 
notion of perfecting conditions before they set a standard and see if 
they have more than 50 per cent incentive coverage. 
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Any incentive is better than day work and I would prefer to get 
everybody on a standard, because the standard man’s job is never done. 
Six months later, when he has the money to pay for changes, he can 
bring them about, thus avoiding any hold up in the increase in wages 
and increase in production we need now more than any other time. 


Co-CHAIRMAN GEORGE: Then, you would cut a rate that you have 
set today? 


Mr. CARROLL: Not cut. 


Co-CHAIRMAN GEORGE: Not cut the rate, but you would reduce the 
standard time if improvements had been made within the next six 
months, or when the job comes up again. 


Mr. CARROLL: Or six years. I can recall many times when the 
president of the firm with which I worked would say that he would be 
ashamed of the client that did not make twice as much money in the 
second year after the application, due to the reduction in the amount of 
work in the job, as was made through the introduction of an incentive. 


Mr. HAWKINS?®: Do you find jobs harder to rate when the men are 
working slowly than when they are working fast? 


Mr. CARROLL: I do not find it any harder, but I do find that the 
time study man is inclined to make sure he has a low enough time. The 
error is greater on the low ratings, because I, for one, would never rate 
a man except in fives and zeros, that is, 70 or 75. The error, if he 
should have been 30 and you rated him at 35, is a greater percentage 
at that point than if he worked at 75 and you rated him at 70 or 80. 


Mr. HAWKINS: The chances are, if you thought he was laying 
down on the job, you would get him way down? 


Mr, CARROLL: No. If you are mentally honest, you cannot do that; 
and I do not think you have any business being in time study work if 
you are not trying to do the right job, regardless of what the worker is 
doing. A good time study man can inspire confidence. The tendency is 
for men to work faster rather than slower, especially if you say to 
them, “Now, work at any speed that pleases you. My job is to set a 
fair standard and I use this rating method of appraising the speed at 
which you actually work,”—and a few minutes’ conversation will usu- 
ally bring about a mutual understanding. 


Mr. HAWKINS: In our studies, we allow them some fatigue time 
on all jobs. Do you do that in yours? 


Mr. CARROLL: That is very necessary, and, contrary to the prac- 
tice you learned, it has no relationship to the rating, because if a man 
moves normally, you should rate him for that effort. His fatigue may 
be anything from 15 per cent to 100 per cent, based on the condit' ous 
under which he moves. Take your disagreeable operations, the core 
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cleaning and the pouring. You would certainly allow a fellow who does 
pouring a much higher relaxation than the fellow who was making cores 
on the bench. 


Mr. HAWKINS: Do you go on and take the indirect men and tie 
them all in together? 


MR. CARROLL: If you want to get the lowest cost and the most 
stable labor conditions, you should. I take the position that you either 
put a man on incentive or give him an increase in wages; so that if 
you put % of your men on the direct plan and do not provide for the 
indirect men who assist the producers, then you will probably raise 
their wages. You might better get a measure of their efforts and pro- 
vide an incentive for the indirect work. 


CHAIRMAN WARTGOW: I have had many occasions where the work- 
man will question the correctness of the standards. The only thing you 
can do is show them examples and try to convince them that they 
are fair. 


Mr. HAWKINS: I have had a few like that and I have gone so far 
as to get a stop watch and let him work it himself on the bench, the 
total time it takes to make the mold. That will convince them. 


MEMBER: It is not always a question of timing the man. It is all 
right to time the man but when the man gets the job, say he is a molder, 
for instance, and you have a time study man on there, that is all well 
and good, but if he is working on a dough roll and instead of rolling 
that down to, say, % in., he rolls it to 1 in. and closes up that job, 
there is 1% hours of machining there. He wants to make the time on 
that job, but I do not. 


Mr. CARROLL: That comes right back to supervision, and it is less 
on good incentive operation than it is on day rate. You have your choice 
between operating on day rate and operating on incentive, and there is 
no question but that faulty workmanship will creep in if you do not have 
good supervision. With the same kind of supervision after incentive 
that you had before incentive, you will find, generally speaking, that 
the quality is better, because the man has, taking 60 cents as the base, 
a 75-cent job to hold his interest. 


Co-CHAIRMAN GEORGE: I think the question might be put another 
way. What if you are grinding? Who is going to be the judge of how 
smooth is the grind finish you are going to put on the surface of a 
casting? Suppose the worker tries to “kid” the time study man and 
grinds the casting much finer than the inspection requirement. So it 
becomes, perhaps, a matter of inspection requirement as well as super- 
vision. The time study man must know the finish or inspection require- 
ment. Otherwise, the worker can do the job much finer or fancier than 
necessary, and we can always be assured the customers will not pay 
for the extra work or the shop’s inefficiencies. 


MEMBER: I want to say what you are bringing up is true. If the 
man who is timing the man knows his business and knows approximately 
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how much time it will take to do that job, he can time him on that; but 
a man working on a grinding wheel can just lean on it and avoid all 
that pressure on that grinding wheel and it will take him 4 hours when 
another man will do the same job in 2 hours. 


Co-CHAIRMAN GEORGE: I think that is a vital reason why we 
should go to the standard data method of making rates, because, to 
my mind, a single time study can be way off in the case of the time 
study man being unfamiliar with the way the worker should work, un- 
familiar with the way the job should be done or finished. So this stand- 
ard data does, I think, solve that problem. 


Mr. CARROLL: I think it was Abraham Lincoln who said you could 
not foo! all of the people all of the time. Now, if you take a half bushel 
of time studies (and I am not talking about sending “boys” out there 
to do the job, because that is a waste of time) and list them on com- 
parison sheets and on curves, you are sure to get much more consistent 
results. Even then, some operators may try to fool the time study man 
who has not established a working basis of confidence. 


There is another very practical way to get around the difficulty you 
bring out. As a consultant going around the country, it would be im- 
possible for me to know the technique of all the operations that I have 
seen, but there are a lot of good men in the plants in which I have 
worked who know the technique better than I ever expect to learn it. 
Now, if the time study group is made up of approximately 50 per cent 
mechanics—molders, core makers, screw machine operators, drill press 
operators—do you not think they know how much work ought to be in 
one of those jobs? Thus when you have on the one side technical knowl- 
edge of how the work should be done and on the other the plotting of 
curves and analyzing of data from, not one study on one man, but many 
studies on all of the operators, you are going to get an answer that is 
reasonably correct. 


T. L. Keever*: Mr. Carroll, have you found any workable formula 
for reducing standard data under present labor conditions? I have tried 
it several ways but I have floundered every time and I wondered if you 
had had any experience along that line. 


Mr. CARROLL: You mean producing standard data? 


Mr. KEELER: Well, reducing the values. In slight changes of meth- 
ods, several slight changes may make a difference of 10 or 15 per cent. 
What is the best way to handle that thing? 


Mr. CARROLL: To get a working arrangement there, I think it has 
to be understood that changes of method are automatically followed by 
changes in standards. I think that if you go out 2 months after a 
method has been changed, the worker is going to call it a rate cut. 
However, if at the time the change is made, you can show the worker 
that this or that element has been eliminated, assuming a lot of back- 
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ground of understanding and confidence, you will, I think, run into very 
little difficulty in maintaining consistency between time allowed and 
work alone. 


Mr. KEELER: I have in mind a case where there is no standard 
element eliminated. It is just a change in method that has changed 
three or four standard elements. 


Mr. CARROLL: You mean where the operator has improved his 
skill? 


Mr. KEELER: No. We changed our method in the shop. We first 
chipped before annealing and we reversed that from annealing to chip- 
ping, and several things have entered into that. In the first place, the 
metal is a trifle softer, I imagine, although I do not know how you would 
prove that, because we make a low carbon steel casting, but we have 
an allowance in there for sharpening tools. On the clean castings, that 
is reduced slightly, and also, from the fact that it is cleaner, the fellow 
can go more directly at the cutting he is doing. In other words, there is 
no standard element at all eliminated and I would not know how to sell 
that one. It has me puzzled. 


Mr. CARROLL: I would attempt to sell it on the basis that the 
process has been changed to the point where it is necessary to check 
the basic data and proceed to take a series of time studies under the new 
conditions to verify the data of the previous process. Then if you find 
those things which you suspect have reduced an element from 0.08 to 
0.06, or a cutting time 15 per cent, I think you would be entirely justi- 
fied and could explain it. 


I do not know how many of you have read it, but there is a 
pamphlet by the National Industrial Conference Board entitled, “Wage 
Incentive Administration,” where, as a result of a questionnaire, they 
found that a certain percentage of the country was in favor of a re 
check once a year or a re-check every two years. Regardless, I do not 
believe we are justified in lowering standard data that takes advantage 
of the improvement in skill of the operator, because I think he is en- 
titled to that. 


Mr. KEELER: I just ran an average of the three best men before 
the changes and the three best men afterwards. 


Mr. CARROLL: Immediately before and after? 


Mr. KEELER: Yes. I was wondering if an acceptable thing to them 
would be a reduction in percentage in the standards that would give 
them that same unit hour. 


Mr. CARROLL: I would not attempt to sell it on that basis. I would 
attempt to determine if there was a real difference, because the basic 
error that I think your proposal would commit, would be to indicate 
to those men that the company was putting a top limit on earnings. 
That is not good business and it is an unfair practice. 


Job Evaluation and Employee Rating 


By A. L. Kress*, New York City 
Abstract 


This paper deals with the adjustment of day work 
base rates so that they will be fair alike to employer and 
employee. The author conveniently handles the problem 
by dividing it into two parts as indicated in the title. 
He expresses amazement at how little attention is given 
to this question in the ordinary plant. He shows that by 
starting out with a crude job rating plan, such as merely 
listing jobs in the order of the amount of experience they 
require, the addition of refinements and other require- 
ments such as training, responsibility, effort, etc., will 
produce a “yardstick” for systematic job classification. 
The question of a wage scale is solved by consulting an 
area or market wage survey for fixing the rate of pay of 
the most highly skilled men in the shop. The minimum 
hiring rate is then fixed and the jobs whose requirements 
fall somewhere between these two limits are classified 
commensurate with their relative skill. Attention is called 
to the fact that any rating plan, to be practical, must be 
consistently applied to all jobs throughout the shop and 
calls for the participation of the shop foremen in its 
application. 


1. Management is vitally concerned, as are employees, in how 
much a job is worth and what is a fair day’s work. This is some- 
thing so fundamental that no company can fail to make use of all 
the tools that are available in trying to decide the answers to those 
questions. 


* Industrial Engineer. 


Note: Presented before the Time Study and Job Evaluation Session of the 45th An- 
nual Convention, American Foundrymen's Association, New York City, May 12-15, 1941. 
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Jos WortTH By CLASSIFICATION 


2. Look at the first question. What is a job worth? How 
would we determine what one job is worth compared with another 
one? Suppose you have 200 different jobs in your plant. By what 
process can you go through all of those jobs and classify them and 
determine which are comparable? 

3. It is helpful to think of the job classification structure in 
a plant as a series of steps. In other words, we start out with the 
least skilled jobs in the plant, perhaps the hand trucker or the 
sweeper or the elevator operator, down at the bottom of the scale, 
and move up by gradations or steps until we come out up at the 
top with what probably would be, in the foundry, the first-class 
floor molder, or perhaps a top patternmaker. Within those limita- 
tions, by what process can we examine every job and say, ‘‘ That 
belongs in here’’ and ‘‘That one belongs in here, because it is com- 
parable with these jobs?’’ 


CrupE Jos RATING PLAN 


4. If you did not want to make use of any formal job rating 
plan, and if you did nothing more than sit down with your super- 
visory force and take up every job by name and discuss how much 
experience it took and how it compared with other jobs, and then, 
more or less arbitrarily, fit it into this step or that step, when you 
finished, you would have a job classification. 


5. <A job classification is very basic and very fundamental to 
the administration of your wage payment policy. We will go 
further and say that without a sound job classification, it is impos- 
sible to prevent inequalities or inconsistencies in rates of pay, 
either between jobs in the same department or between jobs in 
different departments. 


6. We have outlined a rough and ready way to achieve this 
end of a job classification. If you did nothing more than that, you 
would have a more logical and more defensible rate structure than 
you probably now have. That process, we will say, is comparable 
with the application, for rate-setting purposes, of relying on the 
foreman’s judgment or estimate as to how many and what the pro- 
duetion per hour should be; or perhaps it is comparable to simply 
miking an analysis of past performance as a basis for standards. 
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DEFINITE JOB RATING A YARDSTICK 


7. If you are not satisfied with that approach (and you 
should not be), we can make use of a yardstick or a measuring 
tool which we eall job rating. That yardstick is not as exact as 
Mr. Carroll’s time study yardstick is going to be. Nevertheless, 
if it is systematically and consistently applied, it will develop the 


basic facts about a job which will enable us to classify that job on 
something other than our arbitrary opinion or the collective judg- 
ment of a group of men. 


8. We propose to show you, through a series of illustrations, 
the successive steps that you go through in starting out with the 
plan itself and the application, the classification of men, the re- 
viewing of the job ratings for consistency, and the developing of 
a wage scale; in other words, setting up what I choose to call execu- 
tive control of the rate structure. 


9. We have been amazed at the lack of attention that this 
whole question of wages and rates gets in the ordinary plant. 
Under the ordinary piecework system, nobody ever gets very much 
concerned about earnings. There is seldom any follow-up of earn- 
ings. As a matter of fact, they are never followed up unless a 
man comes in and complains about his earnings. When you come 
to exchange wage data for wage survey purposes, there is no com- 
mon denominator. 


10. Yesterday in Pittsburgh your speaker tried to get and 
put together some wage data for a company that is in the process 
of bargaining and we just could not see how anything that we 
were able to get from a representative group of companies would 
be of any practical value. The reason for that, of course, is, again 
the lack of a proper job classification. 


A Speciric Rating PLAN 

11. The best way to show you how this job evaluation works 
is to discuss a typical application. There are different job rating 
plans. It would not add anything to the discussion if we entered 
into a long explanation of the different types of plans. Figure 1 
shows the details of our plan. This has been adopted by the 
National Electrical Manufacturers’ Association and by the 
National Metal Trades Association for the use of their member 
companies. The advantages are that it is simple, easily understood 
and readily applied. 
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POINTS ASSIGNED TO FACTORS AND KEY TO GRADES 








Ist 2nd 3rd 4th 5th 
FACTORS Degree Degree Degree Degree Degree 
SKILL 
1. Education 14 28 42 56 70 
2. Experience 22 44 66 88 110 
3. Initiative & 14 28 42 56 70 
Ingenuity 
EFFORT 
4. Physical Demand 10 20 30 40 50 
5. Mental or Visual 5 10 15 20 25 
Demand 
RESPONSIBILITY 
6. Equipment or 5 10 i5 20 25 
Process 
7. Material or Product 5 10 15 20 25 
8. Safety of Others 5 10 15 20 25 
9. Work of Others 5 15 25 


JOB CONDITIONS 
10. Working Con- 10 20 30 40 50 









































ditions 
11. Unavoidable 5 10 15 20 25 
Hazards 
Men's Women's or Boys’ 
Score Range Grades Grades 

— 139 25 
140—161_. 24 
162—183 10 23 
184—205 9 22 
206—227 . 21 
228—249 7 
250—27! 6 
272—293 5 
294—315 a 
316—337. 3 
338—359... 2 
360—38! I 














Fig, 1—A Detarcep Examp te or a Ratinc PLan 


Eleven Factors 

12. We have here 11 factors that are a part of this yardstick 
that we are going to use in rating jobs. These are obvious things 
They are the same sort of factors or job characteristics that you 
would think of if you sat down around the table in a discussion 
of job classification. 


Skil Factors 

13. The first three are what we eall skill factors. What goes 
to make up skill? Skill is a matter of trade knowledge, which we 
eall education, a matter of experience, and of initiative and inge- 
nuity. In other words, to illustrate that particular factor, obviously, 
a first or second-class patternmaker has to use more initiative and 
ingenuity, we will say, than does a chipper. 
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Effort Factors 
14. We now come to two factors under the heading of effort, 
ind effort is either physical or it is mental. 


Re sponsibility Factors 
15. Then there are four responsibility factors. How much 


lamage can the man do to the equipment or the process? How 
nuch to the material that he works on? What about the safety of 
thers in the case of a crane man handling hot metal, or a ladle 
man? What about the work of others? In other words, a millwright 
may have a helper or a floor molder may have lesser class floor 


molders working under his direction. 


Working Condition Factors 
16. Then there are the factors of working conditions and 


azards. 


ELEVEN Factors CoMMON TO ALL TYPES OF JOBS 


17. Now, those 11 simple things are characteristic of every 
type of factory operation. It makes no difference whether it is a 
machine shop, a foundry, a woodworking plant, a chemical plant 
or a structural shop. Every job takes those 11 things in varying 
legrees or varying combinations. 


Pornts oF RAatina Factors 


18. We have assigned a certain number of points to these 
factors. The three skill factors receive 50 per cent of the weight- 
ings of all the points under the plan, broken down into 14 per cent 
to education and 14 per cent to initiative and ingenuity, and 22 
per cent to experience. In other words, experience counts the most 
of all the factors. 


19. Physical demand receives 10 per cent, and mental, 5 per 
cent. Responsibility counts 20 per cent, working conditions, 10 
per cent and hazards, 5 per cent. 


20. We have five degrees for each one of these factors and 
each one of these degrees carries a specification. In other words, 
if we want to know what fourth degree is on initiative and ingenu- 
ity, there is a specification for that. 


21. Now, for administrative control, in the ordinary plant, 
all the jobs can be allocated or classified into approximately 10 
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2. EXPERIENCE 





Experience is the amount of time on related work usually re- 
quired to enable an individual to perform the work satisfac- 
torily and efficiently, Does not include apprenticeship or 


trades training. 


Ist Degree 
Up to three months. 


2nd Degree 


Over three months up to one year. 


3rd Degree 


Over one year up to three years. 


4th Degree 


Over three years up to five years. 


5th Degree 


Over five years. 
6 3 = 


EXPERIENCE 











Fic. 2—Tue Five Decrees or ExreriENCE aND How THey Are DererMINED. 


grades. For example, in a machine shop, Grade 1 would be a first 
class die maker. In a foundry, Grade 1, if we recall, is a first class 
floor molder. Common labor is Grade 9. A chipper would prob- 
ably be Grade 8. We will show you shortly, how you set up a wage 
scale that ties in with each one of these labor grades. 


22. Figure 2 is a page from the job rating booklet on expe- 
rience. We said that there was a specification for each degree. 
For example, a job that takes up to 3 months would be rated first 
degree on experience, and that would count 22 points for each 
degree. Fourth degree would be 88 points. This is over and above 
any apprenticeship which would be rated under the education 
factor and not in the experience. 
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99 
23. 


Let us take the factor of responsibility for material. This 


is expressed in terms of dollars. In other words the possible money 
loss from any one occurrence. Up to $10 is first degree and would 
count 5 points. Up to $100 is second degree and would count 10 
points. Up to $290 is third degree; and so on. 


The Foreman’s Interest 

24. In the application of a job rating plan, it is necessary to 
list the interest and the knowledge of the foreman himself. In 
other words, if we are going to develop a job classification for 
wage payment purposes and set up certain yardsticks to guide the 
supervisory force, then it is essential to have them participate in 
the establishment of these classifications for the jobs in their own 
department. In applying the plan, we sit down with each foreman 
and obtain from him a statement as to what he thinks each job 
takes in terms of each one of these 11 factors. 


25. Figure 3 is such a description for a converter operator’s 
job. We write up the job on an 8% x 11-in. sheet. When you 
relate the specification for the job to the specification for the factor 
itself in the job rating booklet, you find the job scores 295 points 
and it falls in Grade 5. 


26. At the same time, on most jobs we would receive from the 
foreman some typical examples and put them down here under 
the heading of ‘‘Remarks,’’ as to what kind of work a Class B are 
welder would do, for example. We would also receive and put 
down on the back of this sheet, the men in his department who 
were engaged on that class of work. In other words, we sit down 
with each foreman, we analyze or inventory every job in terms of 
these 11 factors and we write up a specification for each job in 
terms of the factors. We rate it. We get the specific examples 
of the class of work, so that a year from today, if we want to know 
what was Class B are welding, we have something to key it to, 
and we list the men who do that work regularly. 


27. <As the next step, having worked through all of the dif- 
ferent departments on that same basis (suppose we have 25 depart- 
ment foremen), we want to be sure, that those 25 men all have the 
same concept of the rating factors. In other words, that third de- 
gree working conditions means the same to each one of those men. 
This problem of getting consistency in the job ratings, is exactly 


like the problem that Mr. Carroll will present to you of getting 
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Occ. Code No.___ 


Dept,____Founory 


JOB RATING — SUBSTANTIATING DATA 


Job Name 


FACTORS 


EDUCATION 


EXPERIENCE 


INITIATIVE 


INGENUITY 


PHYSICAL 
DEMAND 


MENTAL OR 
VISUAL 
DEMAND 


RESPONSIBILITY 


FOR EQUIPMENT 


OR PROCESS 


RESF ONSIBIL ITY | 


FOR MATERIAL 
OR PRODUCT 


RESPONSIBILITY 
FOR SAFETY OF 
OTHERS 


RESPONSIBILITY 





P 


(30) 


3 
(15) 

















BASIS OF RATING 


Use shop arithmatic. Able to weigh iron. Some know- 
ledge of melting, pouring, simple metallurgy. Mainta!n 
operation log. Equivalent to 2 years high school plus 2 


to 3 years trades training. 


l to 2 years as converter operator, part of time as helper 


Receive specifications as to required carbon content. Dir- 
ect receipt of iron from cupola and transfer to converter 
Blow oxygen through metal to remove impurities. Control 
the blow, judging by color of flame as to when impurities 
have been removed to meet specifications. Assist in skim- 
ming slag 





Light physical effort while blow is on. Some sustained 
effort skimming. 


Continuous mental or visual attention controlling blow, 
checking color of flame by eye. 





Careless operation of converter may result in burning 
through shell. Probable damage seldom over $500.00 


Careless operation may result in scrapping of heat o: 
holding up production. Losses seldom over $250.00 


Compliance with standard safety precautions necessary, 
particularly while slag man is in pit 


Heat, fumes and noise make job somewhat disagreeable. 





Possible burns from sparks or molten metal. Possible eye 
injury from radiation of light and heat. 


CONVERTER OPERATOR > a 


. 
i 
| 








FOR WORK OF 
OTHERS 
WORKING 
CONDITIONS 
UNAVOIDABLE 
HAZARDS 
Total Pts. 


Grade 
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consistency in your time study data through some type of rating 


factor. In other words, if the job classification is going to mean 
anything when we are all done, we must have applied this yard- 
stick consistently so as to develop the proper relationship between 
jobs in the entire plant. 


28. Now, we have worked through all the different depart- 
ments. We have talked with 25 foremen. We have tried to see 
that they all have the same idea of this yardstick. But to be sure 
that there are no inconsistencies, we make up a summary sheet like 
that shown in Fig. 4. We have the jobs listed—here is the depart- 
ment number or*the job number, and under the vertical columns 
we have the 11 factors in the job rating plan. 


29. For example, we start out with education, experience, 
initiative and ingenuity. The top jobs are the highest rated jobs 
in the plant and they are: a Class A layout man, and a Class A 
horizontal boring bar job and a Class A assembler group leader. 
Those are the three highest rated jobs in this plant. Now, we will 
consider experience and education, because they are related. The 
other factors, we will take up separately, but we take those two 
factors and check down each column. This layout man’s job is 
rated as taking a 4-year apprenticeship and over 5 years’ experi- 
ence. The horizontal boring bar job is rated as not requiring a 
4-year apprenticeship, but 2 to 3 years of machine shop training 
and over 5 years’ experience, and so on. We check, then, each 
factor on every job to make sure that we have been consistent and 
that top management is satisfied with this over-all classification. 


30. Figure 5 is a graphic picture of the rate structure in a 
particular plant. These happen to be day rates. On the left-hand 
scale, we have average hourly earnings. Across the bottom, we 
have points, or point ratings. Each one of these dots represents 
a job. 


31. For the first time, we have a graphic picture showing the 
inequalities of rates of pay in the plant. In other words, top 
management can now put its finger on every one of these jobs that 
is out of line and call for a careful analysis to find out what the 
facts are. For example, here is Job No. 1, which is being paid 
about 95 cents an hour. It is no more difficult, it takes no more 
skill, no more experience, than the other jobs directly below it 
which are paid 60 to 65 cents an hour. Obviously, Job No. 1 is 
overpaid. 
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Here is Job No. 33 at 60 cents an hour. In terms of 
skill, as measured by the job rating point, that job is exactly com- 
parable with Jobs Nos. 31, 32, and 38. Yet, in terms of money, 
that job is underpaid by 30 cents an hour in terms of comparable 
jobs in the plant. 

33. The cross near the center of the heavy straight line of 
Fig. 5 labeled the ‘‘Mid-point,’’ is simply the average hourly 
earnings, which is 80 cents in this instance, for all the day work 
rates in the plant, and the average job rates 238 points. In other 
words, that is the average hourly earnings and the average for 
the skill of the jobs. The heavy line through Fig. 5, we call the 
line of relationship, and it simply shows how much relationship 
there is between earnings and skill as measured by the points 
Notice we have the labor grades laid off at the bottom of the chart 
of Fig. 5. 


34. Having developed a picture of that kind for control pur- 
poses, we now have to set up a yardstick. Starting out with the 
minimum rate of pay for the plant, we select some intermediate 
points of which we are fairly sure, and then consider the highest 
skilled jobs in the plant. We draw on any market wage survey or 
area wage survey that may be available, to determine on a series 
of money values, which we call rate ranges, for these different 
labor grades. 


35. For example, suppose we decide that our minimum hir- 
ing rate is 50 cents an hour for the least skilled job. Then, based 
on an area wage survey, we conclude that for this top pattern- 
maker or this top floor molder, we have to pay, we will say, $1.25 
an hour. That is going to be the top. We have a spread now of 
from 50 cents to $1.25, or 75 cents an hour. We have a 75-cent-an- 
hour range to allocate up and down these different classifications. 
Now, how can we do it? 


36. There are three ways that we can do that, and they each 
have their advocates. One would be, assuming that we have ten 
grades, to set up an even sum of money in each one of these 
grades. That literally, would be 714 cents, but we would level it 
off to 8 cents, which, for 10 grades, would be 80 cents. Eighty 
cents on top of our minimum of 50 cents would be $1.30. That is 
one way to do it. 
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37. Another way would be to vary the spread, so perhaps 
down at the bottom there will be only 5 cents, and up at the top 
10 cents in each grade. A good case can be made out, at least from 
management’s point of view, that we should have a wider rate 
range to recognize individual ability in the skilled jobs. 


38. So, we can go up by 10 even steps of 8 cents, or we can 
go up by 5, 6, 8 and 10-cent steps. A third way would be to over- 
lap the rate ranges so that the minimum for one grade drops down 
somewhat below the maximum for the next lower grade. 


39. Now, the company has set up this rate range and is now 
in a position to put this yardstick on every job and determine 
whether it is in line or out of line. With that sort of yardstick, 
the foreman does not have to wonder what his jobs are worth. 
Management does not have to go into a huddle on every wage rate 
change that comes along the line. We have set up a definite yard- 
stick; we have taken a look at all of these jobs in the plant; we 
have classified them; we have taken a look at prevailing rates of 
pay in the community and drawn up a wage scale for our plant. 


REQUIRED REcoRDs 

40. There are not many records required in applying job 
rating. We have shown you the write-up or job specification sheet, 
which is th: permanent record of the rating (see Fig. 3). We have 
shown you the summary sheet for cross-checking purposes. These 
with the simple job classification record card (Fig. 6) are all we 
need. Time and again your speaker has sat down with companies 
to get some facts about their wage rates for wage survey purposes 
and when you take the payroll and go down the list, there will not 
be two men in the whole organization who know what anybody 


does. 


41. It is of no particular help, when you are trying to ap- 
praise the fairness of the wages on a job, to have somebody tell 
you he is a molder, or an engine lathe operator, or a patternmaker 
or a coremaker, because you here know that within those occupa- 
tiens there are differing degrees of skill. That is what you have to 
think about when you are appraising the fairness of a man’s rate 
of pay, what kind of work he is called on to do. 


Josp CLASSIFICATION EXAMPLE 


42. Up in the extreme right hand corner of the job classifica- 
tion record (Fig. 6) is the code number, Job No. 76. It is an engine 
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lathe operator’s job, Class B, Department 10, Labor Grade 6, and 
it scores 260 points, all of which is on the first line. There are all 
the facts that we need to know about the classification of that job. 


43. Now, who does that job? Weli, we show five men who fall 
in the classification. This is an inventory of man-power. There 
are the dates when they started. There are their numbers and, of 
course, their names. The company has said that a Grade 6 job, 
wherever it is found, on day work shall have a rate range of 78 to 
86 cents an hour. In other words, any Grade 6 job, is to carry 
that rate range. 


44. Here is one man getting 82 cents, one man getting 70, or 
8 cents below the minimum, one man getting the minimum; here is 
one man getting 4 cents more than the maximum we have set up. 


45. We have a column here for the employee rating. In other 
words, we have applied another simple yardstick and we have 
found out that, in the foreman’s opinion and according to his 
measured judgment, No. 182 is the best man of all, but he is get- 
ting the minimum. The highest paid man (No. 180) the foreman 
does not think is the best man; in fact, he has the poorest man 
rating. Man No. 210, who is getting 8 cents below the minimum, 
has a pretty good man rating, too, of 72 out of a possible 100. 


46. Suppose that a request comes in for a rate change for 
man No. 180. The foreman wants to give him 5 cents an hour more. 
What tests shall we apply? The first thing is what is his job? He 
is on a Grade 6 job, with a maximum of 86 cents an hour. He is 
now getting 4 cents more than the maximum and he wants to give 
him another 5 cents. The foreman is asking us to pay him 9 cents 
an hour more than we have said that job was worth in comparison 
with other jobs. That immediately puts us on guard. Let us take 
a look. What about the man himself? We have asked ourselves the 
question, ‘‘ What about the job? Next, what about the man?’’ He 
is not very good, either. He has the lowest rating of any of those 
holding this job. Well, what about his length of service? He came 
in in 1934. We could look up and see when he got his last increase. 
These are the facts that we need to know in passing judgment on 
the merits of that particular proposed rate change. 


RATE RANGE 


47. Just a word about a rate range. We have been impressed 
in recent months with the hit or miss set-up that some companies 
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have as their guarantee under an incentive plan. Some companies 
have no guarantee of any kind. Few companies have really sat 
down and arrived at a series of base rates and then said to them- 
selves, ‘‘Now, we are going to use ‘X’ per cent as the premium 
or the incentive,’’ or whatever you want to call it, ‘‘as a bonus for 
piecework, and that is what the job ought to pay on incentive.”’ 


48. Under this set-up, 78 cents would be the guaranteed rate. 
In other words, the bottom of the rate range. That would be the 
guaranteed rate, and any premium would be based, (whatever per- 
centage you wanted to use, 20 or 25 per cent,) on top of that, so 
that in arriving at the proposed earning rate under the incentive 
plan, you would put this ‘‘X’’ per cent on the minimum for each 
particular labor grade. In other words, if you had 10 labor grades, 
then there would be 10 occupational wages or anticipated earned 
rates or whatever you choose to call them under your incentive 
plan. 


49. We have tried to show you the successive steps that you 
go through in arriving at, and administering, a job classification, 
based on facts that you can support and defend. 





DISCUSSION 


Presiding: FRANK WartTGow, American Steel Foundries, East Chicago, 
Ind. 


Co-Chairmen: JEFF ALAN WESTOVER, Clark Equipment Co., Buchanan, 
Mich. 


W. E. Greorce, Campbell Wyant & Cannon Foundry Co., 
Muskegon, Mich. 


E. C. BumKE!: After you have obtained the desired information and 
find a man out of line, that, rated too high, what are you going to do 
with him? 


Mr. Kress: The first thing is see that he does not get any more 
money. The second is, when he goes off that job, to bring that job back 
into line. In other words, do not get a price tag of a dollar an hour 
fastened on that job, just because there happens to be somebody that, 
by some oversight, now receives that much on it. The third thing is, 
possibly the man may be a good worker and, now that we have developed 
this picture, we can look around and find a job that would pay him 
commensurate with what he is now getting, and be a job where he would 
be entitled to the rate on a comparative basis. 


Oliver Farm Equipment Co., South Bend, Ind. 
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CHAIRMAN WARTGOW: We had several men whose rates were out of 
line. These were held over to the first general wage adjustment, and 
at that time taken care of to bring them into line. 


Morris HAWKINS?: If a man gets old and cannot produce quite as 
fast as he used to, does your experience rating on that situation offset 
that iow production enough to justify keeping him up there? 


Mr. Kress: No. Now, you are bringing in the job and the man 
both. When we rated the job, we took into consideration the experience 
that the job required. In other words, how long should a man be on 
that job to obtain efficiency? That is not the same thing as length of 
service. In other words, to use a very ridiculous case, we might have 
a trucker who has been with us for 25 years. It might take only two 
or three weeks or a month to replace him with somebody to do his work. 
So, in evaluating the job, we do not consider length of service. 


The particular question you have put, of course, raises questions of 
company policy. We would have this rate range within which to com- 
pensate the individual. Where a man like that ought to fall depends 
on many things, how philanthropic you are, for one thing. 


Co-CHAIRMAN WESTOVER: After you have made an occupational 
evaluation of your entire payroll, have you ever carried on beyond that 


point to a method of evaluating each different piece of work as an aid 
in determining the piece base rate? For instance, in coremaking you 
have A, B and C classes of core work, requiring different skills. An 
analysis of the work to be done in making the cores determine which 
class they should fall into. 


Mr. Kress: You would not have to do that all the time. In other 
words, if you had analyzed the classes of work properly to begin with, 
and selected the typical representatives, then it would be a matter of 
cross-comparisons. For example, in a machine shop, I have had a man 
tell me that he thought he had five cl@sses of work on planers. So I 
would say, “All right, give me some examples of each of these different 
classes.” We would put them down and then go back and apply the 
rating plan and try to determine whether or not there were five classes 
that we could substantiate. We probably would find out that there actu- 
ally were not that many that we could justify on a comparative basis. 


MEMBER: In the foundry, of course, we have a good many classified 
jobs, and when times get dull, some of those classifications go out of 
existence. If we had a big job, say in class A, and ran out of that class 
of work, and that class A was paying the highest rate, what would we 
do in that particular case? 


Mr. Kress: Of course, that happens in every plant, and one very 
realistic answer to it is that if you have had a substantial amount of 
class A work and it calls for that degree of skill and you get a run, for 
instance say, of three months when you have none of that work, then 


?Stockham Pipe Fittings Co., Birmingham, Ala. 
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you still are going to have to pay those men the top rate if you are 
going to keep them. 


MEMBER: My greatest trouble is getting the class C out of the 
class A. That is a pretty big job where you have so many different 
classes of work. I would say that is the hardest job in the foundry. You 
might take a common laborer and place him on a class C job and just 
tell him how to go ahead with it and he can go ahead. Yet you take a 
class A man and put him on that same job and he might be slower than 
the class B, C, or D man. Yet we have to pay that less skilled man 
as much as the man who can take any job and who really knows his 
business. 


Mr. Kress: I understand that in many branches of the industry, 
at least the usual rate prevails. Is that what you mean? If I had had 
more time, I would like to have talked about some other phases. You 
are never going to establish the fact that there are these different de- 
grees of skill unless you go about it to try to measure them and keep 
talking about them constantly. I do not know anything about foundry 
operations, but I have seen some core making that does not look to me 
to be very skilled work. When they say all core makers ought to get 
the same as all molders, that does not make sense to me. 


MEMBER: I think we have just about reached the place where every 
class of laborer can practically demand the highest wages, regardless 
of what kind of work he is doing. But it is a fact that there should be 
some way of classifying it, and when we find the best way, it is going 
to be a big help. 


Mr. Kress: You can not expect either the business agents or the 
men themselves to accept this unless we can lay out, it seems to me, 
some facts about jobs and show them, “Well, now, here, rate this your- 
self; see if you do not come out with this kind of an answer.” That is, 
we are not going to get an acceptance, in my opinion, of the idea of 
differentials and the maintenarfe of those differentials unless we are 
prepared to prove in concrete terms that they exist in terms of skill. 


R. E. Gray’: Referring to Job No. 1 that was completely out of 
line. In your experience, have you found that those jobs are out of 
line due to just an oversight, or because of favoritism, or has that man 
in general actually certain degrees of skill or ability or initiative that 
more or less warrants that rate, even though he is not actually employed 
on the proper job? 


Mr. Kress: I think in most of the cases it is oversight or care- 
lessness in rating the job originally. 


W. J. Grepe*: Mr. Kress, do you not find that supervisors’ opinions 
change from time to time, and if so how frequently do you re-check, 
not only the job evaluation, but also the merit rating? 


*Flerence Pipe Foundry & Machine Co., Florence, N. J. 
*Grede Foundries, Inc., Milwaukee, Wis. 
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Mr. Kress: The job evaluation, if you have gone through it as 
carefully as we do, does not have to be re-checked very often. That is, 
there is another step there of selecting all these jobs that seem to be 
very much out of line and going back again to take another look to 
satisfy yourself that those are the facts. Of course, in applying the 
plan ourselves, we are bringing our own ideas and our own experience 
to toss into the pot with the foreman. If he tells us something takes 
2.3 or 4 years and we have seen it before, or we cannot see why, we 


draw him out and make him establish that it really does take that long. 


As to the man rating, we think twice a year is sufficient for that. 
If you have rated these jobs correctly the first time, you will be sur- 
prised how hard it is to change one and throw it a grade one way or 
the other, on a basis, if somebody thinks it ought to be thrown one way 
or the other. 


CHAIRMAN WARTGOW: I would like to have Mr. Kress tell us if he 
has had any experience in applying these plans in plants where they 
have organized labor of either type, and what their reaction has been to it. 


Mr. Kress: Yes, we have had several experiences. In one plant 
just a little while ago, employing 1800 people, the union won the election 
and proceeded to bargain and asked for a 15 per cent wage adjustment. 
The company countered with a proposition of writing in a clause to 
rate all the jobs and, on the basis of the findings of the job rating, to 
make a retroactive wage adjustment. The shop stewards sat in on all 
the ratings. When we finished rating the jobs, there were four hundred 
and some write-ups in this company and the union sent for their business 
agent and he took a look at it and he said, “Well, how else could the 
company get any intelligent opinion as to how one job compared with 
another, if they did not go through a process of that kind?” In other 
words, when the committeemen saw the magnitude of the thing, they 
just realized there was no other intelligent way of going at this. The 
rates had grown up over 50 or 60 years and there were four divisions 
of the company and each one had their own idea of a wage scale. 


MEMBER: This job evaluation would have no application to a strictly 
piecework shop, where quality and quantity are the only criteria, 
would it? 


Mr. Kress: There are two problems: What should a job pay per 
hour, either day work or piecework? And what is a fair day’s work? 
You have to answer those two questions in a piecework shop. You go 
out, and by whatever process of time study you use, you conclude that 
the operator ought to do, we will say, 20 units an hour. Now, what 
would 20 units an hour be worth? How much should 20 units an hour 
return on a job of that kind to have that earned rate consistent with 
other jobs calling for similar or greater or lesser skill? Do you see my 
point? It does not make any difference what the method of wage pay- 
ment is. You have to answer that question: How much should this job 
pay for standard production and what is standard production? 




















Progress Report of Sintering Test Subcommitee, 


Foundry Sand Research Committee 


Foreword 

For some time prior to 1940, reports had been coming 
to the attention of the Executive Committee of the Foun- 
dry Sand Research Committee and to its Director, Dr. 
H. Ries, to the effect that it was impossible to check the 
results obtained on the sintering test apparatus between 
different laboratories on the same sand. At first, these 
reports were thought to be the result of improper tech- 
nique. However, when evidence was presented that this 
was not true, the Executive Committee authorized the 
appointment of a Subcommittee on Sintering Test whose 
duty would be to investigate the difficulties encountered 
in the sintering test of foundry sands, determine the 
proper technique, and outline the pitfalls in the perform- 
ance of the test. The subcommittee also was instructed 
to make a complete investigation of the accuracy of the 
present test and, if necessary, to suggest revisions to 
increase its accuracy. Accordingly, the subcommittee was 
appointed with J. B. Caine, Sawbrook Steel Castings Co., 
Lockland, Ohio, as chairman and H. W. Dietert, H. W. 
Dietert Co., Detroit; L. B. Osborn, Hougland & Hardy, 
Inc., Evansville, Ind.; C. M. Saeger, Jr., National Bureau 
of Standards, Washington, D. C.; H. F. Taylor, Naval 
Research Laboratory, Washington, D. C.; and R. O. 
Wertz, Fullerton Union High School, Fullerton, Calif., 
as members. The following is a report of the progress 
made in this investigation during the past year. 


The activities of the committee have been along two lines. 
The first function as outlined by the Executive Committee is to 
determine the proper technique of performing the test and to 
suggest revisions to increase the accuracy. The second line of 
activity, that underlies all this work, is to correlate the sintering 
test to actual performance of various sands when subjected to 
molten metal in the foundry. 


As there has been no data published recently regarding the 
sintering test, the committee has been conducting a series of inves- 
tigations, both individually and cooperatively on the test. Most 
of the work has been done to determine the proper technique, for 
until the test itself is standardized, there can be no hope of corre- 
lating the results with foundry conditions. 


Nore: This paper was presented at a Foundry Sand Research Session at the 45th 
Arnual A.F.A. Convention, New York City, N. Y., May 13, 1941. 
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One thing has been established, if nothing else. There are 
few tests on any material that are as sensitive to slight changes 
in technique as the determination of the sintering point. This is 
undoubtedly the reason for the wide variations in the sintering 
point of the same sand that have been reported in the past. 


The effect of the following variations in the test itself were 


investigated. 


The human factor in determining when the ribbon has ** burned 

fast to the specimen.’’ 

This method of determining the sintering point was found to 
be not entirely satisfactory. Everyone had a different idea as to 


, 


what is meant by ‘‘burned fast.’’ Variations of as much as 800°F. 
were obtained when checking the results from different laboratories 
on the same sand. To get a definite point that everyone would 
agree upon, the lowest temperature at which the ribbon makes a 
‘V’’ when lifted off the sand specimen was selected as the ‘‘A’’ 
sintering point. This method gives a very sharp end point that 
vannot be mistaken. The ‘‘V’’ determination is applicable to 
practically all types of sands, the only exceptions found so far 
are sands with very low dry strengths. 

The bond between the sand grains in these sands is so weak 
that the sand grains lift off with the ribbon at all temperatures 


and is never strong enough to bend the ribbon into a ‘‘V’’ when 


it is lifted off. 


». Effect of Time at Heat. 

The present standards specify that the platinum ribbon shall 
remain in contact with the sand specimen for 4 min. after the 
ribbon has attained the desired temperature. No difference in the 
sintering point was found when the ribbon was held at heat for 
%, 1, and 2 min. Henee, slight variations in the time at heat will 
have a negligible effect on the sintering point. 


3. Effect of Cooling Time. 

The present specifications do not state any time interval from 
the time the power is shut off until the ribbon is lifted from the 
sand specimen. This point was found to be very important. If the 
ribbon is allowed to cool much below red heat before the ribbon 
is lifted, the sintering point is influenced greatly by the dry 
strength of the sand. The sintering point increases as the dry 
strength increases. 
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The most consistent results were obtained when the platinum 
ribbon is lifted off the sand specimen exactly 15 see. after the 


power was shut off. 


4. Effect of Load. 

The present specifications call for a load of 170 grams on the 
sand specimen. An investigation disclosed that slight variations 
in load also affect the sintering point greatly, and that some sands 
are more sensitive to load than others. An increase in load of 


) 


28 grams can lower the sintering point 100°F., with a sand sensi- 


tive to load 


When braided copper leads are used to conduct electricity to 
the ribbon holder, bending these leads slightly can easily change 
the load by 15 grams and cause an appreciable variation in the 
sintering point. This will have to be checked constantly when 
conduct.ng the test, and the braided leads, if used, kept straight 


5. Effect of Ribbon Dimensions. 

Although the present specifications call for a platinum ribbon 
14x2x0.001-in. a number of laboratories have found this ribbon 
to be too fragile and have changed to an 0.002-in. thick ribbon. 


As the formation of the ‘‘V’’ to determine the ‘‘A”’ sintering 
point occurs when the adhesion between the sand and the platinum 
ribbon is greater than the force required to bend the ribbon, the 
thickness, and consequently the stiffness, of the ribbon will prob- 
ably have some effect and will have to be standardized. At the 
meeting of the Sintering Test Subcommittee in New York, May 13. 
1941, it was agreed that the dimensions of the platinum ribbon be 
changed from 14x2x0.001-in. to 34x2x0.002-in. 


With all but the last variable standardized and under control, 
four of the five members of the committee were able to check the 
**A”’ sintering point of a series of silica sand-bentonite mixes 
within plus or minus 25°F. One member reported values 125 to 
225°F.. lower than the others. The reason for this discrepancy has 
not as yet been found, but may well be the difference in ribbon 


thickness 


Correlation of the Sintering Point to Actual Performance. 

Two objections have been raised against the ‘‘A’’ sintering 
point as taken when the platinum ribbon makes a ‘‘V’’ when lifted 
from the sand specimen, if it is to be correlated with the per- 


PROGRESS REPORT 558 


formanee of the sand when it comes in contact with molten metal 


the foundry. 


These objections, that apply at least to iron and steel practice 


1. That the sintering point, as determined by this 
method, is so much lower than the temperature to which the 
sand is subjected in the foundry. The ‘‘A”’ sintering point 
of a sand that peels perfectly from a casting may well be 
800°F. lower than the pouring temperature of the metal. 


2. These sands will show definite fusion under the micro- 
scope without ‘‘burning on’’ the casting. This fusion can be 
correlated with the fusion obtained in the sintering apparatus 


at temperatures higher than the ‘‘A”’ sintering point. 


A supplementary test was devised to overcome these two ob- 
jections. This point of incipient fusion or ‘‘B’’ point is the lowest 
temperature when the smaller grains can be seen to start to fuse 
at low magnification, 20 to 25 diameters. This point can also be 
correlated with the force necessary to remove the sand from the 
platinum ribbon. It requires 50 passes of a mechanical scraper 
under a 4-oz. load to remove the sand from the ribbon at the tem- 
perature of the ‘‘B’’ point of incipient fusion. The number of 
passes required to remove this sand is proportional to the tempera- 
ture and the amount of fusion seen under the microscope. 


This scraper method eliminates the personal factor present 
with visual examination, but has its limitations. It cannot be used 
m sands with very high dry strengths, or sands that develop very 


high strengths after being heated to over 2000°F. 


«é por? 


There are indications, at least for some sands, that this ‘‘B 
point can be correlated with better success with the behavior of 


these sands in the foundry than the ‘‘A’’ sintering point. 


The determination of the ‘‘B’’ point is much more fool proof 
than the ‘‘V’’ sintering point determination (‘‘A’’ point). Four 
of the members of the committee, who checked this ‘‘B’’ point on 
the same series of sands used to determine the ‘‘A’’ point, checked 


within plus or minus 25°F. There were no exceptions. This varia- 


tion of 25°F. is approaching the limit of accuracy of the optical 


pyrometers used to control the temperature. 
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Revised Procedure for Making the Sintering Point Determinations 
1s. 


The committee would like to suggest the following revisions 


in the procedure for the Sintering Test, as given on pages 58 and 
59, ‘‘ Testing and Grading Foundry Sands and Clays.’’ It is to be 
understood that these revisions are tentative and subject to change 
as more information becomes available. 


7 — Procedure for Sintering Test. 


1. Place the sand specimen in position in the sintering 
apparatus under the platinum ribbon heater. Center the speci- 
men between the platinum ribbon holder terminals, and place 
the platinum ribbon in contact with the rounded surface of 
the sand specimen. The applied load shall be 170 grams, plus 
or minus 5 grams. As the platinum ribbon stretches as it is 
used, the 2-in. length must be maintained, or the ribbon ho!der 
and not the ribbon rests on the specimen, making the test 
meaningless. 


2. The dimensions of the ribbon shall be 3gx2x0.002-in. 
If the ribbon is received in the cold rolled condition, it should 
be annealed by heating to a red heat before making the first 
test. The ribbon shall be formed over a 2-in. diameter man- 
drel until smooth before each determination. The same side 
of the ribbon should always be placed against the sand 
specimen. 


3. Sight the optical pyrometer on the central part of the 
platinum ribbon and adjust it to read the desired temperature. 
Allow for the emissivity of platinum as given in Table 3 
and Fig. 8. 


4. Pass an electric current through the platinum ribbon 
and adjust the variable resistance so that the brightness of 
the platinum ribbon matches the brightness of the filament 
or dot in the optical pyrometer, which has been set at the 
desired temperature. 


5. Heat to temperature as fast as possible, in about 
80 sec., start an interval timer or stop watch and allow the 
heated ribbon to remain in contact with the sand specimen 
for 4-min. Turn off the electric current, allow to cool for 
exactly 15 see. Lift up the ribbon holder and ribbon and 
observe whether or not the ribbon adheres to the sand speci- 
men and makes a ‘‘V’’ when it is lifted. 
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6. Rotate the specimen about 2-in. to a fresh surface 
and again place the platinum ribbon in contact with the speci- 
men. All adhering material should be removed by scraping 
or solution in hydroflourie acid after each individual deter- 


mination. 


7. If the ribbon did not make a ‘‘V,’’ repeat the above 
procedure, this time increasing the true temperature by 50°F. 
or 25°C. This corresponds to an increase in the observed tem- 
perature of about 45°F. or 22°C. The actual values, however, 
should be taken from Fig. 8 and Table 3. If the ribbon did 
make a ‘‘V,’’ lower the true temperature by 50°F. or 25°C. 


8. Repeat the above procedure either by increasing or 
decreasing the true temperature by increments of 50°F. or 
25°C. until ribbon does not make a definite ‘‘V’’ at one tem- 
perature, but does at the next higher increment. 


9. The lowest true temperature at which the platinum 
ribbon makes a definite ‘‘V’’ when lifted off the sand speci- 
men 15 see. after the 4-miri. heating period is the ‘‘ A”’ sinter- 
ing point. 


10. A method of determining the ‘‘A’’ sintering point 
of sands with very low dry strength, or grain material with 
no bond has not been definitely established. This point is still 
under consideration. 


11. Supplementary tests should be made at the pouring 
temperature of the metal to which the sand is subjected in 
the foundry. Examination of these tests at low magnification 
prove helpful in determining just what is occurring to the 
sand in actual practice. 


12. Tests to determine the ‘‘B’’ point by examination 
for incipient fusion at low magnifications, 20 to 25 diameters, 
should be conducted the same as the ‘‘A”’ sintering point 
tests, except that the platinum ribbon shall be lifted from the 
sand specimen immediately after the electric current is shut 
off, so as to preserve the surface in contact with the ribbon. 
The ‘‘B”’ point is the lowest temperature at which traces of 
fusion are seen at 20 to 25 diameters magnification. 


13. Tests to determine the ‘‘B’’ point by the scraper 
method should be conducted the same as the ‘‘A’’ sintering 
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point tests, except that a 2-min. interval be allowed afte 
turning off the electric current before lifting the platinum 
ribbon from the sand specimen. The ribbon is removed from 
the holder, placed on a flat plate. The ‘‘B’’ point by this 
method is the lowest temperature when 50 passes of a mechani- 
eal scraper, made as per Fig. 1, are required to remove the 
sand from the ribbon. 
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Fic, 1—MecHANICAL SCRAPER FoR DETERMINING “B’”’ Pornr. 

14. For the present, if ‘‘B’’ points are reported, the 
**A’’ sintering points should also be given. The designations 
**A’’ and ‘‘B’’ given the two points are used not only to 
avoid confusion, but also because not enough is known at pres- 
ent as to just what is occurring at these two points to give 
them definite names. 

15. It cannot be emphasized too strongly that every de- 
tail of the test must be observed, or serious errors will be 
encountered. 

Respectfully submitted, 
SINTERING TEST SUBCOMMITTEE, 
Founpry SAND RESEARCH COMMITTEE 


J. B. Caine, Chairman C. M. Saeger, Jr., 
H. W. Dietert, H. F. Taylor, 
L. B. Osborn, R. O. Wertz. 


The Development and Control of Engineering 
Gray Cast Irons 


By R. A. Furnn * anp D. J. REESE ** 


Abstract 

In this paper it is proposed that the properties of any 
gray cast iron are wholly dependent on the structure. The 
discussion of this change in properties with structure is 
then divided in two parts: (1) The effect of change in 
graphite structure and (2) the effect of changes in the 
ferrous background or matrix. It then is demonstrated 
how these various changes in structure may be produced 
and controlled, including the new high strength acicular 
structures. (Tensile strength up to 105,000 lb. per sq. in.) 
It is hoped that the numerous explanations of technical 
terms and other simplifications will be of assistance to 
the student and not of too great inconvenience to the pro- 
fessional metallurgist. 


INTRODUCTION 
1. The purpose of this paper is to summarize the results of 
an extended investigation of the properties of gray cast iron, which 
was begun at the Research Laboratory, International Nickel Com- 
pany in 1936, and continued at the Massachusetts Institute of 
Technology, Cambridge, Mass., as a doctorate research problem 
(Parts 1 and 2). 


2. Gray cast iron generally is considered a complicated alloy 
to investigate because of the many elements in its chemical com- 
position. In addition, the wide variety of gray iron applications, 
and great number of tests us@d to evaluate the suitability of cast 
irons for these applications, further complicate a general investiga- 
tion. It ean be demonstrated easily that to prepare a series of 


* Metallurgical Department, The American Brake Shoe and Foundry Co., Mahwah, 


** Development and Research Department, The International Nickel Co., Inc., New 
York, N. Y. 


Nore: This paper was presented before a Gray Iron session during the 45th 
Annual A.F.A. Convention, New York City, N. Y., May 12-15, 1941. 
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irons of all important combinations of carbon, silicon, manganese, 
phosphorus and sulphur would require over a half million heats 
and literally millions of tests would be needed to investigate the 
engineering properties of these irons. Even with this colossal 
amount of work, the effects of alloying elements, and of variations 
in metal processing and handling, would still remain to be studied. 
The present research is based on a far simpler, yet more compre- 
hensive, approach. 


3. Whenever a casting fails, whether the failure is the burst- 
ing of a pressure vessel, the galling of a lathe-way, the rupture of 
a tensile specimen in the laboratory, or some other cause, the basic 
reason for the failure is always the same regardless of the trade 
name, price of casting or alloy content—the structure was unable 
to withstand the conditions imposed. 


4. If the properties of a casting are accepted as being de- 
pendent entirely on the structure, then to obtain a general knowl- 
edge of gray cast iron, it remains only to investigate the structures 
found in this material and their control. 


5. Although examination of the fractured wedge or arbitra- 
tion bar with the unaided eye has long provided much valuable 
information on the casting structure, it is necessary in this paper 
to add information obtained by closer scrutiny of the structure by 
using microscopic and atomic methods. For, after all, the actual 
failure occurs between atoms and groups of atoms which are not 
observable by the unaided eye. 


6. The structure of gray cast iron may be considered as made 
up simply of (1) graphite flakes and (2) a ferrous background. 
The differences in structure are obtained by varying (a) shape 
(b) size (c) amount, and (d) distribution of the graphite and the 
type of background or matrix, The properties and control of 
graphite structures will be diseussed*in Part 1 and then the matrix 
properties and control will be considered in Part 2, 


Part | 
Properties and Control of Graphite Structure 


A. Graphite Shape 


7. The shape of graphite flakes in gray cast iron is prede- 
termined by the interatomic forces which predominate under the 
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‘onditions of its formation. In other words, at the time of solidifi- 
‘ation or later, the graphite crystallizes in the form of flat plates 
which, due to their low strength, are badly distorted by the stronger 
matrix which is forming from the liquid at the same time. These 
badly distorted hexagons are the familiar graphite flakes seen in 
‘ross section under the microscope. When graphite is formed at 
high temperatures (1900-2100°F.), this flake shape is to be ex- 
pected and no known attempts to produce gray cast iron containing 
the nodular type graphite or temper carbon of malleable iron have 
proved successful. The nodular type graphite is formed when the 
iron carbide of white iron is reheated to about 1700°F., and, due 
to difficulty of flat hexagonal crystal growth at these temperatures, 
the temper carbon spheroids are formed by plating carbon atoms 
uniformly onto a nucleus. 


8. Although the graphite structure of malleable iron produces 
superior ductility, gray iron possesses better casting characteristics, 
due to the expansion which accompanies graphitization on solidify- 
ing. The flat graphite flakes also produce higher damping capacity. 
[In the past, practically every alloying element has been advocated, 
in turn, as a means of changing graphite shape. These claims are 
gradually being abandoned or modified as the mechanism of graph- 
itization becomes better known 


B. Graphite Flake Size 


9. Graphite flake size has received a great amount of atten- 
tion in the past and, as with graphite flake shape, the effect of most 
alloys on flake size has been overstressed, The most important 
factors in determining graphite flake size are, in order: the section 
size (cooling rate) of the casting, the amount of carbon, and other 
factors affecting the tendency of the iron to graphitize. If the 
total and combined carbon contents are kept constant, section size 
becomes the most important factor in determining graphite flake 
size. Figures 1 and 2 show the increase in graphite flake size as 


cooling rate at time of graphite formation is lowered. (Section 


size increased). This phenomenon is merely another manifestation 
of the general principles of crystal growth; larger crystals being 
formed with decreased cooling rate. The addition of alloying ele- 
ments is seen to have relatively little effect as the 5 per cent nickel 
—l per cent molybdenum iron shows the same flake size when 
poured under identical conditions into a similar mold. 
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Fic, 1—INcrEAsE or GrapHiTre FLAKE S1zE wirH DecrEAsE IN CooLING RATE IN AN IRON 

CONTAINING 2.5 PER CENT ToTaL CARBON AND 2.5 PER CENT SILICON, x100. (Top LEFT)- 

%-tn. Diameter Bar. (Top Ruicut 1-1n. DIAMETER Bakr. (Bortrom LeErr)—2-1n. 
Diameter Bar. (Borrom Ricut)—4-1n. Diameter Bar. 
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Fic, 2—F.ake GrapHtire in 4-1N. DtamMerer Bar oF SAME ComposiITION as Fic, 1 BUT WITH 
5.0 PER CENT NICKEL AND 1.0 PER CENT MOLYBDENUM ADDED. 


10. The effect of increasing carbon content is demonstrated 
by Fig. 3. As the carbon content is increased, the amount of carbon 
available for flake growth is increased and larger flakes are found, 


culminating in the very large flakes of 4 per cent carbon pig iron. 
Graphite flake size will be considered again in the section under 


distribution. 


Fic, 3—MicrocRaPH SHOWING THE INCREASE IN FLAKE Size witH INCREASING CARBON 
ConTENT. MicroGraPH oF 2-IN. DiamererR Baz ConTAINING 8.5 PER CuNT CARBON AND 1.5 
PER CENT SILICON, x100. 
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11. Before concluding this section however, the change in 
properties with flake size should be discussed briefly. It is more 
tradition than fact that by increasing graphite flake size, tensile 
strength, transverse strength and other physical properties are 
markedly lowered. In Fig. 4, an illustration of this effect is shown. 
If the.ferrous background is kept constant in cases 1, 2, and 3, 
the effect on strength of dispersing a given amount of earbon in 
1, 5, or 10 graphite flakes is similar, since the amount of unaffected 
matrix is the same. The folly of sacrificing random graphite dis- 
tribution for the sake of slightly smaller flakes poorly distributed. 
is shown in ease 4. This will be covered under ‘‘distribution.’’ 












































4 \ BAAN Avie KDOOr 
CASE / CASEZ CASE 3 CASE F 


Fie, 4—Errect or Grapuire Fake Size anp DistrrsutTion. DistrIBuTIONS OF THE TYPES 
INDICATED IN CasEs 1, 2 AND 8 Propuce HicHer STRENGTHS THAN a DISTRIBUTION AS IN 
Case 4. 


12. There is, however, a great mass of evidence which shows 
undeniably that specimens with large graphite flakes show poorer 
strength than specimens with smaller graphite flakes—graphite 
distribution remaining constant. This is because the graphite 
flakes are merely indicators of the erystal size and cooling rate of 
the background material with the same carbon content, and, due 
to the slower cooling rate, the background material of the specimen 
of the unalloyed irons of Fig. 1 coarsens as the graphite flake size 
inereases (Fig. 5). The larger grain size, lower combined carbon 
and coarser carbide particles are responsible mostly for the de- 
erease in physical properties associated with large graphite flakes. 


C. Effect of Amount of Graphite 

13. The foundryman long has appreciated the beneficial effect 
of lowering carbon content on physical properties by adding steel 
serap to the cupola charge. He has conveyed the importance of 
this lowered carbon content by implying a closer approach to the 
tensile strength of steel by calling the product ‘‘semi-steel.’’ The 
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addition of steel to the cupola charge does not necessarily improve 
physical properties and only rarely is the steel in the charge used 
to full advantage. The purpose of this section is to discuss in detail 
the effect of amount of graphite, which is lowered as the total 
earbon is lowered, provided tlt amount of carbon in the matrix 
(combined carbon) remains the same. 


14. Most gray cast iron contains a total carbon content of 
from 2.2 to 4.0 per cent. If, in this range of carbon contents, the 
matrix is kept the same, as pearlite for example, then about 0.80 
per cent combined carbon will be present, leaving the range of 
graphitic carbon as 1.4 to 3.2 per cent. Since graphite is over three 
times lighter than the ferrous background, if 1.4 to 3.2 per cent 
graphite is present by weight, then 4.6 to 10.3 per cent is present 
by volume. Since the volume and not weight, of graphite deter- 
mines its effect on strength and most other mechanical properties, 
the effect of lowering carbon content is seen to be considerable. 
Due to the flake shape of graphite in cast iron, the effect of a given 
amount is multiplied several fold. From Tabie 1, it is evident that 
if graphite amount is the only factor changed, the tensile and 





Fic, 5—Inon or Fic. 1, ErcHep wir 2 pen cENT Nitat, x1500. (Lerr)—Frive Pearirre 
AND GrapHiTe. (Ricgut)—Coarse Pear.iTe aND GRAPHITE. ILLUSTRATING THE ASSOCIATION 
or Fine Grarnire with Fine Peariire ann Coarse Grapuire wire Coarse PEar.ire. 
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transverse strengths are raised markedly as carbon content is 


lowered. 


15. On the other hand, if optimum machinability is desired, 
a graphitic carbon content of about®.20-2.50 per cent by weight or 
a total carbon of 3.00-3.30 per cent by weight is desirable. In metal 
molds subjected to intense stresses, as in glass, ingot and permanent 
east iron molds, a still higher amount of graphite is desired to 
cushion the rapid expansion of the ferrous background. For maxi- 
mum wear resistance, a carbon content in the range 2.8-3.2 per 
cent is desirable, since extremely low-carbon irons do not contain 
enough graphite while high carbon irons have low surface strengths. 
The damping capacity of high carbon iron is greater than that of 
low carbon iron, while both are many times higher than steel. This 
capacity to absorb or dampen vibrations is due to the graphite and 
is an important advantage of cast iron machine bases and other 
machine tool parts over welded steel construction and of east iron 


erankshafts over steel crankshafts. 


D. Graphite Distribution 


16. The control of graphite distribution is one of the simplest 
yet most effective methods at the disposal of the foundryman for 
producing superior gray iron castings. Figure 6 shows the varia- 
tions in properties of castings which are possible due to change in 
graphite distribution alone. Composition, pouring temperature and 
mold conditions were kept constant. In the case of the structure 


Table 1 


EFFECT OF DECREASING CARBON CONTENT ON TENSILE STRENGTH 
AND BRINELL HARDNESS OF Cast IRON HoLpING 
COMBINED CARBON CONSTANT 


———ASTM Type B Bars*——, 

T.C., C.C., Si., Mn., P., S., Transverse Tensile 

Per Per Per Per Per Per Strength, Strength, Per Cent 
Cent Cent Cent Cent Cent Cent 1b. BHN Ib. per sq. in. Graphite 
3.25 0.75 1.82 0.91 0.12 0.10 2700 232 42,500 2.50 
8.09 0.81 1.77 0.85 0.13 0.08 2850 228 47,000 2.28 
2.82 0.85 2.02 0.84 0.13 0.08 3210 242 55,200 1.97 
2.51 0.81 2.53 0.84 0.12 0.09 3620 255 60,200 1.70 
2.38 0.87 2.40 0.84 0.05 0.03 8810 277 65,100 1.51 


* All matrices pearlitic; all graphite in random distribution, same flake shape. 
Bars poured 300°F. above liquidus, in dry sand molds. 
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Fig. 6—ILLUSTRATING VARIATIONS IN Properties or Castincs Dur to GrapHite DistrriBution. 
(Lerr)—Gratn-Bounpary Type Wuicu Forms a CHAIN OF WEAKNESS PropucING Low 
SrreENcTHS, Poor Wear ReEsisTaNCE, AND UNEVEN MACHINABILITY. (RIGHT)—STRUCTURE 
SHow1nGc RanpboMiy-Distrainutep Grapnire Conpuctve To HicHER PuysicaL PROPERTIES. 


in Fig. 6-Left, where the graphite is in a grain boundary * type 
of distribution and forms a chain of weakness across the bar, low 
strengths, poor wear resistance, and uneven machinability are 
obtained. 

17. When, however, the graphite is in good distribution 
(randomly distributed), the fracture oceurs through an area of 
graphite only proportional to the amount present and therefore 
includes a lesser amount than in Fig. 6-Left. Iligher physical 
properties are therefore obtained, since the strength of graphite 
is very low compared to any ferrous background. As mentioned 
in Section B (graphite flake size) and illustrated diagrammatically 


in Case 4, Fig. 4, random graphite distribution should not be sacri- 


*In this paper the term “Grain boundary graphite” will be used to describe the 
type of graphite shown in Fig. 6-Left. This term has been suggested by Earnshaw 
Cook, in place of other terms previously used (dendritic, eutectiform). Since this type 
of graphite delineates the grain boundaries of the primary austenite dendrites, it is 
not itself “dendritic.” The word eutectiform is vague and confusing due to the many 
known forms of eutectic structure. 
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ficed to obtain finer flake size. Although Fig. 6-Left shows finer 
graphite, the faulty distribution far over-shadows any slight ad- 
vantage which may have been obtained. Since the importance of 
graphite distribution has been indicated, the reasons for differences 
in distribution may now be considered and methods of control 
discussed. 


REASONS FOR DIFFERENT TYPES OF GRAPHITE DISTRIBUTION 


18. If a heat of cast iron of 2.50 per cent total carbon, 2.50 
per cent silicon, 0.80 per cent manganese is melted at below 2800°F. 
and poured at 2600°F. in various diameter castings, the form and 
distribution of carbon will be as shown diagrammatically in Fig. 7 
and illustrated in Fig. 8. As expected, in thin sections, white irons 
are obtained and in heavier sections, gray irons are encountered. 
In the heavy sections, the iron cooled under more nearly equilib- 
rium conditions and the stable graphite was formed. In the light 
sections, the iron passed quickly through the high temperature 
range where iron carbide decomposition is rapid and remained 
earbidie (white). 


19. The facts of the preceding paragraph are of course well 
known, and were introduced only to show the true relationship of 
the grain boundary type of graphite to carbide and randomly- 
distributed flake graphite. It is proposed that the grain boundary 
type of graphite is formed from eutectic cementite at temperatures 
below the eutectic, while the well distributed, larger-flake graphite 
is formed at the eutectic. 


20. The most direct evidence for this mechanism was ob- 
tained by quenching bars in which different types of graphitization 
were occurring at and below eutectic temperatures (as determined 
by imbedded thermocouples). In bars in which well-distributed, 
medium-size graphite flakes were found, the graphite grew at eutec- 
tic temperature with comparative freedom. However, bars which 
would show grain boundary graphite, if sand cooled, were found 
to solidify as white iron and then graphitize on cooling. The sec- 
tions which were white as-cast, of course cooled through the sub- 
eutectic graphitization range with sufficient speed to avoid break- 
down of carbide. 


21. Further evidence is obtained from irons cast against a 
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chill. Figure 7 shows clearly the relationship of the grain boundary 
graphite to the carbide. Next to the chill, fast cooling rates are 
prevalent and white iron is obtained. The metal just next to the 
earbide also freezes as white iron but the cooling rate is slow 
enough to cause graphitization. This graphite forms in place by 
the reaction : 
Iron carbide decomposes to iron and graphite 
Fef— 3 Fe + C (graphite 


(It is to be noted that this reaction also gives the key to the forma- 
tion of free ferrite (low earbon iron). The metal further back is 
not affected by the chill and comparatively larger, well-distributed 
graphite flakes form freely at the slower cooling rate. 


22. In addition, irons which show grain boundary graphite 


exhibit lower temperatures (20-60°F.) on freezing, than irons with 
randomly distributed graphite. This fact offers additional evi- 
dence for the statement that the grain-boundary-graphite irons 
freeze as austenite + iron carbide, while the irons with randomly- 


distributed graphite freeze as austenite + graphite 


THe CONTROL OF GRAPHITE DISTRIBUTION 
23. <A lengthy account has been given of the reasons for dif- 
ferent types of graphite distribution to permit the reader to realize 
the general method underlying the system of graphite control to 
be discussed. 


24. Obviously, the foundryman cannot always pour his east- 
ings in heavy sections so as to obtain well distriputed graphite 
flakes. What is needed to decrease the tendency of the iron carbide 
—iron eutectic to form and increase the tendency of graphite to 
form at the eutectic? Silicon has long been used to reduce chill 
and, in other words, to promote carbide decomposition. If the 
silicon is raised to a high level (4-5 per cent), little grain boundary 
graphite is obtained in medium sections, but the resulting iron is 
soft and weak. (This is due to the additional effect of the silicon 
on the matrix to be discussed in Part 2). The same effect can be 
obtained in a 1.5-2.5 per cent silicon iron if 0.50 per cent is added 
to the ladle just before pouring. The effect of this addition passes 
away with time (about 20 min.) and therefore appears to be due 
to high silicon spots which promote the formation of an iron graph- 
ite eutectic and possibly small amounts of proeutectic graphite. 
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25. Table 2 gives the results of various ladle additions. The 
most important point to notice is that all successful ladle additions, 
that is, those which give random graphite distribution and there- 
fore high tensile strength, contain silicon. Some unsuccessful in- 
oculants contain silicon, but in these cases it was noticed that the 
material was dissolved by the melt much more easily than fer- 
rosilicon. It is of academic interest that graphite was found suc- 
cessful only when added to the arbitration bar mold as the stream 
of metal entered. In this way, the graphite probably was not dis- 
solved completely before solidification so that it could act to pro- 
mote the iron graphite eutectic. The successful addition of small 
amounts of silicon carbide may be ascribed to the difficult solution 
and refractoriness, and consequent persistence of these particles 


in the melt. 


26. The effect of other influences on graphite formation also 
may be clarified by the above picture of graphitization. Since 


superheating increases carbide stability, as indicated roughly by 
increased chill depth, the fine, grain-boundary type graphite would 
be expected in irons heated to over 2800°F. for appreciable periods 
of time. This was corroborated by many heats and often is shown 
in the literature. However, the physical properties of superheated 
irons, cast without further treatment, were found to be consistently 
below either superheated or normally heated (2700°F.) irons which 
were treated with ladle additions. This is not always confirmed by 
the literature, in which small increases in strength are claimed as 
due to superheating, while cold pouring temperatures for unsuper- 
heated comparison bars may more often give irregular results. 
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Part 2 
The Control of Matrix Structure 


27. In the introduction to this paper, it was stated that the 
properties of any gray cast iron are dependent on the structure, 
which is composed of (1) graphite and (2) a ferrous matrix. In 
the previous section, the matrix was kept constant (as pearlite in 
most eases) to show the effect of varying the graphite. In the 
present section, the graphite will be kept constant in the best type 
of distribution (random flake) and the matrix will be varied. Most 
of the irons discussed will be in the low carbon range (2.50 per 
cent total carbon) since changes in matrix have a more pronounced 
effect on properties at this low graphite content and, therefore, are 
observed and interpreted better. (This carbon content also repre- 
sents the lowest total carbon easily and practicably obtained in 
the cupola. ) 


28. First, the matrix structures, which were available at the 
start of the investigation, will be discussed (Part 2A) and then 
the new, very high strength acicular structures will be considered 


(Part 2B). 


29. Just as in Part I, in studying the effect of graphite, it is 
well to inquire at the outset what forms of matrix structure are 
available in gray cast iron, and how their formation may be con- 
trolled. At the time the present investigation was begun, the 
matrix structures which were known were quite similar to those 
found in steel. The formation of these structures either in the 
sand cast or heat-treated iron is summarized as follows: Above 
a cherry red heat (above the range 1350-1500°F.), the matrix of 
all gray cast iron, whether cooling from the liquid or upon reheat- 
ing, is practically the same, consisting of a solid solution of carbon, 
and other elements in the high temperature arrangement of iron 


CARBON 
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atoms, Fig. 9-Right (austenite). When the temperature of the 
easting falls below 1350°F., the arrangement of the iron atoms 
changes, Fig. 9-Left (ferrite). There is no longer space for the 
carbon atoms in the new iron structure, since there is an iron atom 
in the center of the cubic structure. The carbon enters into a new 
arrangement and forms iron carbide (cementite). 


30. If the casting is held just below about 1300°F., growth 
oi iron’ carbide is rapid and large, plate-like crystals are formed, 
interspaced with ferrite (very low carbon), (Fig. 5-Right, coarse 
pearlite.) However, if the casting is cooled rapidly to some lower 
temperature, for instance 1100°F., by quenching into a lead bath 
at this temperature, and holding, the resulting iron carbide plates 
are finer and a harder stronger iron is obtained, (Fig. 11-Top). 
By quenching to lower temperatures and holding at these tempera- 
tures, still finer carbide dispersions and harder structures are 
found. The time which a casting takes to change from the high 
temperature structure (austenite) to the low temperature struc- 
tures (ferrite-carbide mixtures) also may be measured and is 
plotted in Fig. 15, forming the well known ‘‘S”’ curve. 


31. From Fig. 15, it is noticed that there are two tempera- 
ture ranges where transformation is most rapid. The first is near 
1100-1300°F. and is at the so called ‘‘nose’’ of the ‘‘S’’ curve, 
and the second is below 400°F. The great majority of gray iron 
castings coo! slowly enough so as to transform in the first tempera- 
ture range and form a relatively coarse carbide-ferrite mixture 
(pearlite) which is a fairly strong, machinable structure. 


32. If, however, a casting cools rapidly enough through the 
high temperature transformation range, so that the austenite is 
unchanged, it will not transform until the low temperature range 
where the transformation rate is high, and the hard martensite 
(finest carbide dispersion) will be formed. The control of trans- 
formation temperature, and hence, transformation product will 
be discussed presently. 


Part A 
ELIMINATION OF ‘‘FREE’’ FERRITE oR ‘‘FREE’’ CEMENTITE 


33. In addition to the austenite transformation products just 
discussed (pearlite of various finenesses and martensite), other 
structures may be formed in addition to the desired austenite trans- 
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Fic. 10—ConsTaNt TEMPERATURE TRANSFORMATION PRopucts or Heat 9 CoNTAINING 1.0 PER 
CENT NICKEL AND 1.0 PER CENT MoLyspeNuM. (Torp)—TRANSFORMED aT 1300°F. Coarse 
PEARLITE PLUS GRAPHITE. ETCHED IN 1.0 PER CENT NITAL, X1500. (Borrom)—TRaNsFoRMED 
aT 1200°F. Mepium Pearuitre ptus Grapuitre. EtcHep with 1.0 PER CENT NriTat, x1500. 
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Fic, 11—Same Iron as Fic. 10. (Top)—TRaNsrorMED aT 1100°F. FINE PEARLITE PLUS 

Grapnite. Nore Ferrite Nucier. Ercuep witn 1.0 per CENT Nitat, x1500. (Borrom)— 

TraNsrorMED aT 1006°F, Fine Peartire (Upper Barnrre) pus GrapHiITe, Note AMOUNTS 
or Fesrrre. Ercuep as Berore, x1500. 
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Fic, 12—Same Iron as Fic, 10. (Torp)—TransrorMED aT 900°F. AcicuLarn Ferrite, No 

PERLITE, pLUs GrapHiITe. ETCHED WITH 1.0 PER CENT NITAL, x1500. (Borrom)—Trans 

FORMED aT 800°F. AcicuLaR Ferrite STARTING TO SHow ORIENTATION. ETCHED a8 BEFORE, 
x1500. 
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\ 


Fig. 18—Same Inon as Fic, 10. (Top)—TransrormMep at 700°F. Acicu.arn FEerrite SHOWING 

INCREASED TENDENCY OF OnIENTATION. ETCHED WITH 1.0 PER CENT NiTAL, x1500F. (Borrom) 

—TRANSFORMED aT 600°F. AcicuLan Fenarre with Enrraprpep Carsipg. Notre Darkmr 
Ercuinc. EtcHe> WITH 1.0 PER CENT NirTaL, x1500. 
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Fic. 14—SameE IRon as IN Fig. 10. Transrormen at 500°F. Acicutar Ferrite (FINER THAN 
600°F.) EtrcHep In Nitat, x1500, 
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formation product, if the combined carbon content of the iron is 
not kept in the range 0.70-0.90 per cent. If the combined carbon js 
above this range, hard grains of cementite will crystallize sepa- 
rately before the main austenite transformation and produce a 
difficult machinable iron. If the combined carbon is much below 
the above range, soft ferrite grains will separate and low gall re- 
sistance and tensile strength will result. In addition, as already, 
discussed, ladle inoculation lessens the possibility of free ferrite 
formation by causing graphitization at solidification rather than 
at lower temperatures, by graphitization of cementite to graphite 
and low carbon austenite. 
34. The control of combmed carbon to the 0.70-0.90 per cent 

range is effected by control of three variables: 

1. Total carbon—silicon ratio 

2. Casting cooling rate 


3. Alloy composition. 


A proper combined carbon content may be obtained for any one 
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section size (cooling rate) by controlling carbon-silicon ratio. Thus, 
in Fig. 16, the proper carbon-silicon balance for irons containing 
2.30-3.30 per cent T.C. is given for various section sizes poured 
under given conditions. If, however, a casting with wide variation 
in section thickness is to be poured, and a correct combined carbon 
content is desired throughout, either chills, pre-heating of parts 
of the mold to level out the cooling rates, or alloy additions, are 


used. 

35. With moderate nickel-molybdenum additions, the mini- 
mum permissible combined carbon content to avoid formation of 
free ferrite is lowered to 0.55 or 0.60 per cent. On the other hand, 
in the lighter sections of heavy castings where free cementite tends 
to separate, the stability of this material is lowered due to the 
presence of the alloy, and the carbon tends to precipitate as graph- 
ite rather than free carbide. 

36. By the above methods, a correct combined carbon con- 
tent may be obtained and the transformation of austenite, contain- 
ing this carbon in solid solution, may now be considered. 


High Temperature or Pearlite Transformation 


37. This type of transformation occurs in over 95 per cent 
of the gray cast iron produced today. For the composition, whose 
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characteristies (‘‘S’’ curve) are shown in Fig. 17, bars were poured 
from ¥% to 4-in. in diameter. As seen from the microstructures, 
Fig. 5, the austenite transformed in all cases to a mixture of plate 
cementite and ferrite (pearlite), but the fineness of the mixture 
varies. This can be predicted or explained from the ‘‘S’’ curve, 
as the heavier section, cooling more slowly, transformed at a higher 
temperature, near 1300°F. 


38. In the ease of light sections, the cooling rates were too 
fast for transformation to take place at 1300°F'. However, at near 
1100°F., transformation begins and ends in a short time. Con- 
sequently, the light sections transformed to fine pearlite in this 
lower range. Since the castings were already transformed, no 
ehanges took place on further cooling. The tensile strength and 
hardness readings follow this change in structure, as would he 
expected, falling from 61,600 lb. per sq. in. and BHN 280 in the 
%-in. section, to 39,800 lb. per sq. in. and BHN 220 in the 4-in. 
section (Table 3). 


Effect of Light Alloy Additions on Pearlite Transformation 


39. For a given section size (cooling rate), the pearlite fine- 
ness may be altered by changing the top of the ‘‘S”’ eurve (the 
austenite to pearlite transformation rate). For example, in 1.2-in. 
diameter bars, Table 2, as the nickel content was raised in steps 
of 1 to 4 per cent, pearlite of increased fineness was obtained and 
physical properties were raised. The ‘‘S’’ curves of Fig. 18, show 
the general effect of nickel in decreasing the tendency of austenite 
to transform (‘‘S’’ curve moved to right). The austenite, there- 
fore, transformed progressively nearer to the nose of the ‘‘S’’ 
eurve (at lower temperatures) to finer pearlite. The effect of 
molybdenum is also important in this respect, but will be ‘discussed 
in detail later. The fundamental reason for these effects has been 
demonstrated by Mehl! to be due to the greater difficulty of form- 
ing iron-carbide crystals in a nickel-iron or molybdenum-iron |lat- 
tice than in an iron lattice, and the transformation is therefore 
slower to begin and to progress. 


Low Temperature Transformation of Austenite 


40. If the amount of nickel is further increased to 4.5-5 per 
cent, the ‘‘S’’ curve is pushed so far to the right that the austenite 
no longer transforms in the pearlite range but waits until low 


1 Superior numbers refer to the list of references given at the end of the paper. 
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temperatures. (The tendency to transform in the range between 
the nose of the curve and low temperatures (400°F.) is 
slight.) When the austenite transforms at these low temperatures, 
400°F. room temperature, the carbide precipitates in an extremely 
fine form, and produces the hard martensitic structure *. While 
the Brinell Hardness of the pearlites range from 150-280 BHN, 
the hardness of the martensite is over 500 BHN. The value of this 
hard structure in abrasion resistant irons is familiar to all. It 
should be mentioned that martensite may be obtained in other 
ways than by shifting the ‘‘S’’ curve. If the casting cooling rate 
is changed by water or oil quenching from the austenite range, the 
time spent in the high temperature transformation range is in- 
sufficient, in small sections, to permit transformation, in spite of 
the high transformation tendency of unalloyed irons. However, 
the advantages of cooling in sand as compared with quenching are, 
in most cases, sufficient to warrant alloy cost. 


¢6¢q? 


41. It should be mentioned, for the sake of completeness, that 
if the ‘‘S’’ curve is moved still further to the right, as by adding 


* It is hoped that those who have studied the austenite-martensite transformation 
closely, will forgive this over-simplification of the kinetics and geometry of the reaction. 
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12 per cent nickel, the low temperature transformation, as well 
as the high temperature transformation, is suppressed and aus- 
tenite remains at room temperature. 


42. Since this structure is stable at high temperatures as 
well as low temperatures, transformation in some cases does not 
occur on reheating. These structures are superior to unalloyed 
iron for high temperature service in which the pearlite to austenite 
transformation occurs and causes consequent stressing of the cast- 
ing due to the structural change. 


43. The production and control of pearlitic structures with 
tensile strengths of 50,000-70,000 Ib. per sq. in. and BHN 250-300, 
and the hard, rather brittle martensites of BHN 500, and of aus- 
tenite tensile strength 35-50,000 lb. per sq. in. and BHN 150-250, 
have been discussed. The next section deals with the production 
and control of a new acicular type structure, possessing tensile 
strength of 90-105,000 lb. per sq. in. in the Brinell Hardness 
range 280-400. 


Part B. 
THE PRODUCTION AND CONTROL OF ACICULAR TYPE STRUCTURE 


44. In 1937, the authors of the present thesis realized that 
if the strength of machinable gray cast iron was to be raised above 
75,000 Ib. per sq. in., a type of structure other than fine pearlite 
was necessary. A series of heats, containing 1 to 5 per cent nickel 
at 0.30, 0.80 and 1.30 per cent molybdenum levels, were poured into 
1.2-in. arbitration bars and the physical properties contained in 
Table 3 were obtained. 


45. With the lower alloy contents, fine pearlites were obtained 
but with higher alloy contents a new type of structure, called 
‘facicular,’’ was found. Although this acicular structure did not 
show much higher strength than pearlite in the as-cast condition, 
after a draw at 500-700°F. for over 5 hours, the acicular irons 
showed markedly superior physical properties to pearlite similarly 
treated. As seen from Table 3, tensile strengths consistently above 
90,000 lb. per sq. in. and up to 105,000 Ib. per sq. in. were obtained, 
which represent values 60 per cent above the highest American So- 
ciety for Testing Materials specification for gray cast iron. Trans- 
verse strengths of 5000 to 6000 Ib. (18-in. span) and accompanying 
deflections of 0.40-in. are similarly noteworthy. Although scattered 
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photomicrographs of similarly appearing structures had been pub- 
lished *» *, none of these investigators discovered the uniquely high 
physical properties obtainable with a low temperature draw. In 
fact, in the case of steels, similar structures had been spoken of as 
brittle and weak. 


46. However, when compositions similar to those used in the 
laboratory were employed in practice for heavy sections such as 
steel mill rolls, a service life, markedly superior to previous cast 
iron and steel rolls, was obtained in most cases. Moreover, tensile 
tests of specimens trepanned from various rolls showed that the 
physical properties of this iron were low, compared with laboratory 
tests. Metallographic examination showed that the acicular struc. 
ture had been replaced largely by pearlite, probably due to the 
sharp transition from the 1'4-in. diameter test castings made in 
the laboratory, to the 15 to 30-in. diameter commercial castings. 


47. From all these data, it was concluded that while the 
acicular structure offered a new type of matrix with a high range 
of physical properties, to realize these potentialities, considerable 
further research was required. 


48. Therefore, in October 1939, a program of research was 
begun under the supervision of the faculty of the Massachusetts 
Institute of Technology with the following objects: 


(1) To explain the presence of the acicular structure 
in gray cast iron. 


(2) To determine the factors necessary for the produc- 
tion and control of the acicular structure in gray iron castings 
of various section sizes. 


49. One of the most direct methods to investigate the nature 
of the acicular structure was to observe the structure while form- 
ing. Although a technique has not yet been evolved for micro- 
scopic observation of casting structure at temperature while cool- 
ing, a good substitute was found as follows: 


50. It was known that, with 2.5 per cent total carbon, 2.5 
per cent silicon, 0.80 per cent manganese, 0.50 per cent molyb- 
denum, and 1.5 per ‘cent nickel, a 2-in. diameter casting would be 
fully pearlitie, while a 1-in. section would be a mixture of pear- 
litie and acicular structures. Castings of each type were poured 
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in green sand molds at 2600°F. and silica tubes, closed at one end, 
were inserted into the molten iron. After solidification, chromel 
alumel thermocouples were slid into the tubes for temperature 
measurement. Bars of each section size were then quenched into 
water at 36-40°F. when they had reached desired temperatures in 
the sand. From a study of the structure and hardness of the 
quenched bars, it was found that the structures existing at the 
quenching temperature could be derived as shown in Fig. 19. 


51. When austenite was present in the casting before quench- 
ing, a very fine, light-etching austenite-martensite mixture of Rock- 
well Hardness C52 was "present after quenching, except at the 
center of heavy sections. On the other hand, when the austenite 
had started to transform, the transformation product was found 
in addition to the fine austenite-martensite mixture. 


52. The 2-in. diameter bars, when quenched from tempera- 
tures of 2000°F. to 1300°F., showed untransformed austenite had 
been present in this range. At 1300°F.-1200°F., the austenite 
started to transform to coarse pearlite and when this reaction was 
completed, no further change took place. Therefore, the structure 
quenched from 1100°F. was identical with the sand cooled refer- 
ence structure. 


53. However, the 1-in. diameter bars showed untransformed 
austenite from 2000°F. to almost 1100°F., where the austenite 
began to transform to fine pearlite. This reaction did not reach 
completion, and at 800°F., the remaining austenite began to trans- 
form to the acicular type structure. Finer acicular products are 
formed continually from the austenite as lower temperatures are 
reached. In the sand east structure, some austenite (so called ‘‘re- 
tained austenite’’) still persisted untransformed. This retained 
austenite is important in obtaining high tensile strength by draw- 
ing after casting. 


54. From the above results, it is evident that the acicular 
structure is an austenite transformation product which is formed 
from 900 to 500°F. provided, of course, that some austenite is left 
in the casting on reaching this temperature range. Furthermore, 
the casting must spend some time in this range or the formation 
of the acicular structure also will be repressed and martensite will 
form at still lower temperatures. 
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The Relation of the Acicular Structure to the ‘‘S”’ Curve 


55. Although these results, obtained by quenching castings 
during continuous cooling, gave this important direct evidence, the 
method was only qualitative and had many disadvantages for 
further work. It was desired to obtain a purer structure, free 
from other transformation products, and also to obtain a knowledge 
of rate of transformation of austenite to acicular structures. 


56. The ‘‘S’’ curve technique of Bain, already discussed, for 
measuring the tendency of various irons to form pearlite or avoid 


pearlite formation, was again employed. It was found that if a 


specimen of a casting was reheated to 1600°F., the mater:al became 


completely austenitic in a short period of time (25 min.). This 
specimen, when quenched into a bath of molten metal at a given 
temperature, eventually would transform into the structure en- 
countered at this temperature in the sand-cast and quenched east- 
ings (if the casting transformed). The times required for begin- 
ning and ending of transformation were obtained for temperatures 
from 1300-500°F. 


57. The reason fér the formation of the acicular structure 
in nickel-molybdenum iron castings and not in unalloyed castings, 
may be demonstrated easily from Fig. 18. While, in the unalloyed 
irons previously discussed, only two regions of rapid austenite 
transformation were encountered, (pearlite and martensite), the 
nickel-molybdenum irons show a third region of rapid transforma- 
tion, intermediate between pearlite and martensite, and at this 
temperature the acicular transformation occurs. 


58. The conditions for producing acicular structures are, 


therefore 
Suppression of austenite-pearlite transformation. 


2. Sufficient time in the austenite-acicular range to per- 


mit transformation. Otherwise, the austenite will either trans- 
form to martensite at lower temperatures or not at all. 


59. The reason for the presence of pearlite in the heavy 
sections mentioned earlier is now evident. The alloy used in the 
1.2-in. diameter bars in the laboratory was sufficient to suppress 
the austenite-pearlite transformation (shift top of ‘‘S’’ curve to 
right) so that the austenite to acicular transformation could take 
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place on cooling. However, the heavy sections spent a longer in- 
terval of time in the pearlite transformation range so that the 
austenite transformed to fine pearlite and only small amounts of 
the higher strength acicular structures were formed. To determine 
how much alloy was required to produce the desired structure in a 
given section size, 13 different 150-lb. high-frequency, induction- 
furnace heats of closely controlled compositions from 1 to 5 per 
cent nickel and 0 to 1 per cent molybdenum were prepared. 
(Analyses given in Table 5.) 


60. Two measures of the effectiveness of the alloy were 
obtained : 


1. ‘*S’’ eurves of all compositions. 
2. Various section size castings (14-6-in. diameter) were 
poured and tested. 


61. In Fig. 20, the effect of nickel and molybdenum on the 
‘*nose-time’’ of the ‘‘S’’ curve, 7.e., minimum time required for 
austenite to pearlite transformation to begin, is shown. Since this 
time is a measure of the fastest rate at which any particular 
composition will begin to transform to pearlite, it is a good measure 
of the pearlite forming tendency of a particular iron. It is seen 
that as nickel content is increased, the ‘‘nose time’’ is rapidly in- 
creased. Of even greater interest, is the fact that ‘‘nose time’’ is 
increased more rapidly as nickel content increases. For example, 
at 0.5 per cent molybdenum and 1 per cent nickel, nose time is 
50 see. and at 2 per cent nickel, 160 sec., a change of 110 see. How- 
ever, in raising the nickel from 4 to 5 per cent, ‘‘nose time’’ is 
changed from 500 to 3000 sec. The effect of molybdenum is about 
equivalent to nickel at low percentages but slight at higher per- 
centages. The valuable effect of molybdenum is, of course, the 
production of the second nose, or rapid acicular transformation 
rate, without which the casting would remain untransformed until 
lower temperatures and hard unmachinable martensite would 
result. 


Correlation of ‘‘S’’ Curves with As-Cast Structures 


62. As mentioned, various section size castings were sand 
cooled and tested (Table 4). The structures and properties then 
were found to fall in a definite relation to the ‘‘S’’ curves. The 
structures will be discussed first. 
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63. The structures found in the various castings are plotted 
in Figures 25, 26 and examples are shown in Figs. 5 and 21 to 24 
Before discussing the implications of these figures, two factors 
should be mentioned. First, the change from a martensitic to 
acicular, or acicular to pearlitic structure is not as abrupt as the 
line boundaries indicate, Figs. 25, 26, but rather is a gradual re- 
placement of one constituent by the other, due to a change in cool- 
ing rate or alloy content. The second consideration is that the 
structure at the edge of a casting is very closely the same as the 
interior, so that the graphs show the structural conditions through 
out the casting. This was confirmed by many hardness and micro 
surveys. ; 


64. The most striking features of the 0.5 per cent and 1.0 
per cent molybdenum, 1 to 5 per cent nickel irons, as alloy is in- 


creased, are widening of the range of section sizes in which the 
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Table 5 
ANALYSES OF INDUCTION FURNACE NICKEL-MOLYBDENUM 
Iron Heats 
Total 

Carbon, Mn., S2., Ni., Mo., 

Per Cent Per Cent Per Cent Per Cent Per Cent 
ah —~ ate 1.3 0.097 
.55 er 2.9% 1.09 0.26 
49 0.82 2.56 0.058 0.04 
58 0.81 - 1.02 0.53 
51 0.82 .66 2.06 0.52 
.50 0.81 : 3.06 0.51 
52 0.85 2.6 4.07 0.53 
50 0.82 2.56 5.11 0.51 
41 0.80 2. 1.10 0.98 
.53 0.89 oe 2.03 1.22 
56 0.88 ; 3.06 1.02 
54 0.91 63 4.04 1.05 

.53 0.93 “ 5.02 1.01 
*Heat No. 5 also was analyzed for phosphorus, 0.072 per cent; copper, 0.144 per 

cent: chromium, 0.068 per cent; and Heat No. 1 for sulphur, 0.084 per cent. These 


unalyses may be considered as indicative of the range of minor element contents of 
il] the above irons as the same base materials were used throughout. 
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acicular structures are found, and the change in structure of heavy 
sections from pearlitic to acicular. 


65. Another factor favorable to the formation of the acicular 
structure, which is shown by these graphs, is that with high alloy, 
a martensitic structure is not formed in comparatively light sec- 
tions. This latitude is important because only rarely is a casting 
‘f uniform section designed in actual practice. Therefore, if acicu- 
lar structures are desired throughout, the alloy content may be 
high for the heavy sections and still produce machinable light 
sections. On the other hand, if high strength is desired, in one 
light section of a casting and a softer iron in the heavy sections, 
a composition may be chosen which will give acicular and pearlitic 
structures respectively. 


66. The most important principle in producing an acicular 
casting, is to avoid appreciable pearlite formation. Since all the 
‘S’’ curves are of the same general shape in the pearlite region, 
the minimum time for transformation, 7.e. at nose, may be taken 
as the pearlite forming tendency of a given composition. Since the 
structure produced in a given section size with a given composition 
is known, Figs. 25, 26, and the nose time for the same composition 
is known, Fig. 20 then the nose time to produce a given structure 
is determined. For example, to produce an acicular structure in 
a 2-in. section, a nose time of 10, 25, 35 or 50 sec. is too small 
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Fic. 21—VariaTion iN Cast Structure witn Section Size Usinc Iron From Heat 9 

CONTAINING 1.0 PER CENT NICKEL AND 1.0 PER CENT MOLYBDENUM. (ToPp)—%-IN. SECTION 

as Cast. MARTENSITE WITH SMALL Amount or AcicuLAR Ferrite (Near Grapuite). ETCHED 

witH 1.0 PER CENT NitaL, 1500. (Borrom)—2-1n. Secrion as Cast. AcicuLar FERRITE 
wiTH Some Praa.ire, Ercuep as BEFoRE, x1500. 
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Fic. 22—4-1n. Section oF Same Composition as Fic. 21, as Cast. Mostiy Pearuire (THE 
Amount or AcicuLar Ferrite SHowN Is DisproporTIONATE). EtcHED wiTH 1.0 PER CENT 
Nira, x1500. 


(austenite-pearlite transformation rate too rapid). On the other 
hand, if nose time is 200 sec., (heat 10), pearlite transformation 
rate is too slow to start transformation during the limited time 
this section size spends in the pearlite transformation range. The 
casting transforms, therefore, on cooling to the acicular range. 


67. The alloy content, which will give a nose time of 200 sec., 
therefore, is the minimum alloy content to avoid pearlite forma- 
tion. On the other hand, if a machinable iron is desired, the alloy 
content must not be so great as to give a martensitic matrix. If 
4 per cent nickel, 0.50 per cent molybdenum is used, this occurs, 
Fig. 25. Since the ‘‘nose time’’ for this highly alloyed composition 
is 500 sec., a ‘‘nose time’’ between 200 and 450 see. should be used 
for a 2-in. section. A general relation between minimum ‘‘nose 
time’’ to avoid pearlite formation and casting section size is shown 
in Fig. 27. From the graph, it might be predicted, that with 5 
per cent nickel, ‘‘nose time’’ 3000 sec., pearlite might be avoided 
up to approximately a 30-in. section. Another rule which may be 
derived, is that as section size is doubled, the required minimum 
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Fic, 28—VariaTION IN Cast STRUCTURE WITH INCREASES IN NICKEL CONTENT AND CONSTANT 

Section (6-1N.). (IRon oF Heat 9 CONTAINING 1.0 PER CENT NICKEL AND 1.0 PER CENT 

MotyppENUM Is ComMpLETELY PEaRLiTic IN 6-IN. SECTION) (Top)—HeEat 10, ConTAINING 

2.0 PER CENT NICKEL AND 1.0 PER CENT MoLyBpENUM. ACICULAR FERRITE AND PEARLITE. 

ETcHED WITH 1.0 PER CENT Nita, X1500. (Borrom)—HEast 12, CONTAINING 4.0 PER CENT 

NICKEL AND 1.0 PER CENT MoLyspenum. AcicuLaR Ferrite aNp Retainep AUSTENITE. 
ErcuHen with 1.0 per cENT Nivat, x1500. 
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Fic. 24—Heat 138, ConTAINING 5.0 PER CENT NICKEL AND 1.0 
AcicuLAR Ferraire or Low-TEMPERATURE VARIETY 
Heat 12. 


PER CENT MOLYBDENUM. 
ano More Rerarnen AusTeENITE THAN 
ETrcHED WITH 1.0 PER CENT NITAL, X1500. 
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CHANGE IN HARDNESS WITH SecTION S1zE For NickeL-Mo_yspENuM Cast IRoNs, 


‘‘nose time’’ is doubled. Since each per cent of nickel doubles 
‘‘nose time,’’ then as section diameter is doubled, the nickel should 
be increased 1 per cent to avoid pearlite. This generalization was 
derived by Dr. John Chipman. 


Effect of Change in Structure on Physical Properties 


68. The tensile, transverse, and hardness data obtained for 
the various compositions are given in Figs. 28 and 29 and Table 4. 
The tensile data serve as another illustration of the close depend- 
ence of physical properties on structure. Although a general de- 
erease in tensile strength of both pearlitic and acicular structures 
is obtained with increased section size, this is to be expected from 
the increased grain size. However, the same differential in strength 
between acicular and pearlitic structures is maintained. The fall 
in tensile strength in heat 5 as the acicular structure of the %-in. 
section is replaced by pearlite, is especially notable. 


69. Changes in transverse strength with alloy content follow 
the changes in structure in the same manner as tensile strength. 
The very large deflections given by the acicular structure show 
the greater resilence of this structure compared with pearlite. 
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70. This fact is mentioned specifically, because steel struc- 
tures of similar appearance have been reported to be brittle. 


SUMMARY 


71. The meaning of this paper is best discussed from the 
diagram Fig. 30. When a gray iron of 2.0-3.5 per cent total car- 
bon, 2.0-1.0 per cent silicon, 0.40-1.00 per cent manganese with 
or without alloy cools in the mold: 


(1 Crystals of iron with up to 1.7 per cent carbon in 
solution precipitate above 2000-2100°F., 


2) At about 2000°F., a mixture of carbide and aus- 
tenite or graphite and austenite solidifies in the spaces around 
the first austenite crystals, 


2 


3) Changes in these solids take place down to 1350°F., 
as follows: (a) The carbide crystals, if present around the 
first austenite crystals, change to grain boundary type graph- 
ite. (If graphite was formed in (2), random distribution was 
obtained). (b) The amount of carbon soluble in austenite de- 





CHANGE (WN TENIILE STRENGTH WITH 
SECTION SIZE FOP MICHEL. 


MEAT %M% 
0.0 
‘0 
20 
3a 
‘0 
20 














40000 rn 4 4 
° 2 
A351 Tope (A 2 C) JECTION DIAMETER Ga) 





Fic. 29—CuanNGE rN TENSILE STRENGTH WITH SeEcTION Size FoR NicKeL-Mo_yBDENUM 
Cast Irons. 





R. A. FLINN AND D. J. REESE 


°F 
2300] L£/QU/2, 


2200) AUSTENITE, 
2100 
2000 “7 COs) 














eo “ 


(REJECTS C 
UNTIL 

.70-90€ oF 

LEFT) 











You ny 


THEN 
j 





. 
PEARLITE 








mY~ 2AM 


ACICULAR 
STRUCT S,, 











. 


ROOM AUS or RAC,M + RANDOM GRA, PACM 
TEMP r 



























































Fic. 30—GENERAL SUMMARY. 


creases with decreasing temperature from about 1.7 per cent 
to about 0.85 per cent at 1350°F. If the silicon-carbon ratio 
is correct, this carbon is precipitated on graphite already 
present. If silicon-carbon ratio too low, free carbide erystals 
will be present. If silicon-earbon ratio too high, free ferrite 
will separate. 


(4 At 1350°F., correct structure should be graphite 
and austenite with about 0.80 per cent carbon in solution (com- 
bined carbon). From this point, if cooling rate is slow and al- 
loy low, a mixture of coarse carbide plates and ferrite will sep- 
arate at 1350-1300°F. With more rapid cooling rate and/or 
alloy, the austenite will not transform until about 1100°F. 
and fine pearlite will result. If the effect of cooling rate + 
alloy combination is increased so that no pearlite is formed, 
no transformation will take place until either about 800°F. 
or 300-400°F. If molybdenum is present, the austenite will 
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transform to acicular structure at 800-600°F. and if molyb. 
denum is absent, austenite may transform to martensite at 
400-100°F. If alloy content is sufficiently high and cooling 
rate sufficiently great, austenite will persist to room tempera- 
ture. This austenite may transform at still lower temperatures 
(in liquid nitrogen). 


72. The process, result and control of these structural changes 
have been discussed in some detail as it is the opinion of the authors 
that it is upon a closer study of these structures that the future 
development and use of gray cast iron depends. 
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DISCUSSION 


DISCUSSION 
Presiding: V. A. CrosBy, Climax Molybdenum Co., Detroit, Michigan. 


Co-Chairman: HORACE DEANE, American Brakeshoe & Foundry 
Co., Mahwah, N. J. 


G. A. Timmons! (Written Discussion): The authors have pre- 
sented a well-written treatment of a highly complex subject. Such a 
complete analysis of the fundamentals involved forms a foundation for 
further development to increase the usefulness of one of the most im- 
portant ferrous materials of industry. This discussion is presented with 
the hope that clarification of several items will increase the value of 
the paper and aid in its interpretation. 


In paragraph 61, the following statement is made: “The valuable 
effect of molybdenum is, of course, the production of the second nose, or 
rapid acicular transformation rate, without which the casting would 
remain untransformed until lower temperatures and hard unmachin- 
able martensite would result.” 


We wonder if the authors have complete S-curves of 1 per cent and 
2 per cent nickel irons with and without 0.50 per cent molybdenum or 
1.0 per cent molybdenum with which this statement could be substan- 
tiated. Investigations of the effect of molybdenum upon the rates of 
austenite transformation in steels at subcritical temperatures have not 
indicated that molybdenum produces a second nose. Our experience has 
shown this lower temperature minimum (time) to be a function more 
of the carbon content than the quantity of alloying elements present. If 
molybdenum does form the second nose in cast iron (where silicon is 
2 to 2.5 per cent) and does not exhibit the same effect in steel of 
eutectoid composition, then consideration of cast iron as a mixture of 
graphite flakes dispersed throughout a “steel” matrix will have to be 
changed. 


The curves shown in Fig. 18, which represent the beginning of 
transformation for irons of varying molybdenum and nickel contents, 
do not necessarily support the statement referred to above. The curve 
for the beginning of transformation in an iron containing 1.0 per cent 
nickel and only 0.10 per cent molybdenum contains the second nose. As 
the molybdenum content is increased to 0.30 per cent and then to 0.5 
per cent, the whole curve is shifted in the direction of increasing time. 
Since the second nose is prevalent with only 0.1 per cent molybdenum 
and changes only slightly with additional percentages of the same, it is 
doubtful if this lower minimum can be attributed to molybdenum alone. 


Were the S-curves determined by the metallographic method or by a 
dilatometric method? From our observations in dealing with S-curves 
for cast irons, considerable variations exist between curves drawn from 
metallographic data and those drawn from dilatometric data. 


1 Metallurgist, Climax Molybdenum Co., Detroit, Mich. 
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With regard to the acicular structure, some data published* indi- 
cate the high impact resistance of gray iron containing this type of 
matrix. Irons containing 2.5 per cent carbon, 2.75 per cent silicon, 1.0 
per cent manganese, 1.0 per cent nickel, 1.0 per cent molybdenum when 
cast in 1.2-in. diameter test bars possessed Charpy impact values of 
107 to 116 ft. lb.**. When the same irons were cast in 2.0-in. diameter 
test bars, the impact resistance was greater than 120 ft. lb., the capacity 
of the machine. In absorbing this energy the test bars were perma- 
nently deformed, but there were no indications of cracking. In this same 
publication it was shown that an iron containing 2.5 per cent carbon, 
2.75 per cent silicon, 1.00 per cent manganese, and 1.0 per cent molyb- 
denum was wholly acicular when cast in a 1.2-in. diameter test bar 
which would lead us to suggest a slight change in the lower curve 
of Fig. 26. 

The correlation of “as cast” structures of gray iron with S-curves 
determined from reheated samples is not altogether direct. Numerous 
experiments conducted in our laboratory have indicated that once an 
iron has been cooled to room temperature from the molten state, reheat- 
ing to above its upper critical temperature will not place the iron in 
exactly the same condition as it was when it had attained the same 
temperature on cooling from the casting temperature. For instance, 
a 1.2-in. test bar of plain cast iron cooled in the mold from the casting 
temperature may be wholly pearlitic “as cast,” yet when that bar is 
reheated to 1600°F. and air cooled from that temperature the structure 
may contain many areas of ferrite even though the latter cooling rate 
is considerably faster than the former. It is quite possible that some 
of the conflicting data dealing with rates of austenite transformation in 
gray cast iron may be attributed to the effects of reheating. 


It has also been found that the quenching temperature used for 
experiments plays an important role in governing the transformation 
rates of cast iron because the carbon content of austenite is dependent 
upon the quenching temperature and it is known that carbon exerts a 
powerful influence upon the S-curve. Just how the combined carbon 
content of a sample reheated to 1600°F. and held there under more or 
less equilibrium conditions, compares with the combined carbon content 
of the same iron at 1600°F. when it is cooling in the mold from the 
casting temperature, still remains an unknown factor. 


HENRY TIMBROOK?: We have a specification for cylinder heads 
and pistons that calls for 1.75 per cent nickel, 0.40 per cent molybdenum, 
0.30 per cent chromium, total carbon of 2.95 to 3.05 per cent and silicon 
2.10 to 2.20 per cent. The iron is brought out of the cupola with about 
1.60 per cent minimum silicon and we add 50 points. The spout tem- 
perature is 2860°F. with a maximum of 0.10 per cent sulphur and 


* Timmons, G. A., Crosby, V. A., and Herzig, A. J., “Produces High Strength 
Iron,” The Foundry, December 1938-January 1939. 


** Bar 1.125-in. diameter, 8-in. long, broken on 6-in. centers. 
*Golden Foundry Co., Columbus, Ind. 
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).18 per cent phosphorus, and a Brinell hardness of 260 to 245. We 
can obtain 65 to 70 points of combined carbon in the heads but we have 
lificulty in keeping it up there in the pistons. 


Mr. FLINN: What thickness of section are they? 


Mr. TIMBROOK: They run from about %-in. to one-in. and the 
combined carbon gets down as low as 0.45 per cent. 


Mr. FLINN: You say the pistons are of %-in. to one-in. section 
where you have the lowest combined carbon. Often where you have a 
fairly fast cooling rate, as you have here, the combined carbon may be 
lower than where you have a slower cooling rate, due to the effect of 
what has been called a back-up chill. You will find in the illustration, 
Fig. 7, that behind the chill you have what has been called primary 
ferrite, whereas back further, where you have the randomly distrib- 
uted graphite, you run into a higher combined carbon. You get the low 
combined carbon due to the graphitization of cementite, whereas you can 
get a higher combined carbon if your carbon freezes as graphite, and 
you do not have subsequent breakdown. Have you ever had a chance to 
look at the microstructures? 


Mr. TIMBROOK: We have a metallurgist with us, but I was just 
wondering if there was anything out of balance in that mixture. 


Mr. FLINN: How are you on your Brinell hardness? Do you have 
to stay below a certain limit? 


Mr. TIMBROOK: The Brinell hardness runs from 245 to 260. 


Mr. FLINN: You should be able to obtain the combined carbon you 
are after in that Brinell range. Have you tried changing the silicon? 


Mr. TIMBROOK: We have varied it up and down a little bit at 


times. 


Mr. FLINN: That surely is unusual. There are probably a lot of 
people who are itching to say your nickel is too high and that is 
graphitizing. This is a nice situation to be in, and in the work we have 
done. in going up to 5 per cent nickel, even in a 6-in. section, our 
combined carbon has stayed above 0.60 per cent, so that is not your 
trouble. I think perhaps lowering your silicon would give the desired 
effect. You can afford to lower your silicon 30 or 40 points, and as long 
as you continue ladle inoculation, you wiil still get a good gray iron. 
If you watch your silicon that way, and make sure that everything else 
is the same on the same day, I think you will not have any trouble 
getting your combined carbon up. 


Mr. TimBrookK: You think by lowering the silicon, it will bring 
the combined carbon up? 


Mr. FLINN: Yes. However, not as high combined carbon is re- 
quired in nickel cast iron to obtain fully pearlitic or acicular structures, 
as discussed in pp. 16-23. 








DEVELOPMENT AND CONTROL OF CAST IRON 


MEMBER: I do not think you have the complete picture on what 
he is describing. It is a rather heavy headed piston. The inside of the 
piston is part of the core, gated with a ring gate rounding up a flange, 
so the metal runs down through the web of the piston to fill up the 
head. Actually, we have found that where we have a modified structure, 
due to low silicon, possibly, and fast freezing rates, we get the free 
ferrite and lower combined carbon. We can almost draw a direct graph 
of the amount of primary ferrite and the combined carbon. In other 
words, the total silicon is the thing that gives us the high combined 
earbon on that piston. 


In this case, it also happens that, due to the preheating of the mold 
down the web of the piston, because of the gating, even though your 
graphite is normal, you still have a lower combined carbon than we 
obtain from heads which are gated somewhat differently. I think that 
the whole story is a matter of gating. The piston is so constructed 
that there is not much other way you could gate it. 


MR. FLINN: It is quite difficult to just look at section size and 
compare a one-in. section with a one-in. arbitration bar. It all depends 
on your surrounding casting, how much other metal you have attached 
to this piece. For that reason, section size is often confusing unless you 
know the weight of the casting, the temperature of the iron, and the 
gating. 


MEMBER: I would like to ask how well this iron was mixed from 
which you were making the pistons. 


MEMBER: Our operation is perhaps a bit unusual in that we 
collect two charges in the well and then tap those two charges, 4,000 
lbs. into a ladle. The additions are made in the ladle at that time and 
then the contents of the ladle are segregated into three pouring ladles. 
Two of the pouring ladles will go on to one job and the third will go 
on to another. 


Mr. TIMMONS: Do you actually check the metal that goes into 
the pistons? 


MEMBER: Yes, I have. The pistons are poured in in 12 seconds and 
the pouring temperatures will range from 2725 to 2685°F. 


Mr. FLINN: We appreciate greatly the well-considered discussion 
presented by Mr. Timmons, especially since it provides an opportunity 
to append certain experimental details which were purposely omitted 
in the paper in order to facilitate reading. Our reply to the discussion 
falls naturally into two divisions: (1) The effect of molybdenum on the 
lower portions of the “S” curve, i.e., the emphasis of a second nose, 
(2) The interrelation of “S” curves determined by reheating and 
quenching with as-cast structures. 


In Fig. 18, it is demonstrated that as molybdenum is increased from 
0.10 to 0.53 per cent, at constant per cent nickel, the time for beginning 
of transformation at 950°F. (at bay) is increased from 600 to 3000 
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seconds, while at 750°F. (lower nose), the time for beginning of trans- 
formation is increased only from 120 to 180 seconds. Indirect evidence 
of the effect of molybdenum is that no published “S” curves for gray 
east iron exhibit a lower nose! 2. Cohen and Hilliker? have shown that 
with 2 per cent nickel, no lower nose is encountered in gray cast iron. 


The interpretation of as-cast structures on the basis of “S” curves 
determined by reheating and quenching is based on the following evi- 
dence. First, regardless of alloy content, if a casting transformed in 
the mold to a given product on cooling, the same product was obtained 
at the same transformation temperature, by reheating and quenching in 
lead at this temperature. Secondly, the combined carbon content was 
practically the same for as cast and reheated samples for the composi- 
tions studied. Typical analyses of as cast samples and samples reheated 
to 1600°F. and transformed at 600°F. are as follows: 

Per Cent CC After 
Per Cent Per Cent Per Cent CC Reheating and 
Heat No. Ni Mo As Cast Quenching 

3 0.058 0.04 0.78 0.78 

9 2.03 1.22 0.75 0.71 

13 5.02 1.01 0.62 0.59 


The authors agree with Mr. Timmons that the as-cast structure 
cannot be exactly reproduced, due to some homogenization which must 
occur, but believe that this effect is of small magnitude. The authors 
believe, further, that the data offered by Mr. Timmons on a 1.2-in. 
diameter bar of plain cast iron may not be in conflict with the data in 
the paper. If the iron in question were not heated rapidly to 1600°F., 
considerable graphitization of the carbide in the pearlite might take 
place during this reheating, and if equilibrium at 1600°F. were not 
attained, free ferrite would be expected even on air cooling. In the 
writer’s work, thin specimens were placed in a furnace at temperature 
to circumvent the above effect. 


In answer to the other questions, the “S” curves were determined 
by metallographic, X-ray, hardness and specific volume measurements. 
The authors concur in the suggested change of the lower curve of 
figure 26. 


‘D'Amico, C. D., Murphy, D. W., Wood, W. P., “Austenite Transformation in 
Gray Iron,” Transactions, A.S.M. (1936). 

* Hilliker, C. R. and Cohen, M., “Isothermal Transformation of Austenite in Gray 
Cast Iron,"’ The Iron Age, Vol. 147, Feb. 13, 1941, p. 43. 








Daily Expense Control and a Variable Foundry Budget 


BuUMKE*, SoutH BEND, IND. 


Abstract 

In this paper, the author explains a method used by his 
company to control daily operating expenses. Each depart- 
ment and each account within that department are as- 
signed numbers. Using the department number as a prefix 
and the account number as a suffix, departmental account 
charges are made easily. A system of labor cards, expense 
material cards and requisitions is used and a method of 
quick separation of the various type cards for posting is 
explained, Following a description of the methods used to 
accumulate cost information for issuance of the daily 
operating statement, the author explains the preparation 
of a variable budget. Such a budget takes into considera- 
tion variations in production, machine repair, increased 
costs of materials, etc. The author explains the basis used 
for setting up the budgets for each operating department. 


1. Foundrymen are recognizing the need for daily expense 
control reports. These reports, to be of real value, must not only 
be accurate but must be current. The sooner the information is 
given to the foreman, the sooner action can be taken to correct the 
excessive expenditures. By experience, the author has found that 
this can be accomplished at lower cost than under the method of 
reporting weekly or monthly. 


2. Complete reports of all controllable expenses are issued 


daily to the foundry. In the foundry with which the author is con- 
nected, this means the second day after molding. The day follow- 
ing molding is devoted to cleaning and inspecting the castings, 
and the following day the reports are completed. Many departments 
have their reports the day following their expenditures, or one day 
ahead of the foundry proper. This current report gives the manage- 
ment a check on expenses while the expense is fresh in everyone’s 


* Superintendent, Malleable Division, Oliver Farm Equipment Co. 
Nore: This paper was presented before a Foundry Costs session at the 45th 
Annual A.F.A. Convention, New York City, N. Y., May 12, 1941. 
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mind. To differentiate the various expenses, a system must be in- 
stalled. In as much as the author’s company has both a malleable 


and gray iron foundry, similar accounts must be kept for each. 


Numbering Accounts 

3. A simple method of keeping all accounts separated has 
been evolved. Each department is assigned a number which is 
synonymous with that department. This number is used as a pre- 
fix. Each account to be kept separate is assigned a number. The 
account number is then used as a suffix to the departmental number. 
As an illustration, the number 76 has been assigned to the gray 
iron melting department and 86 to the malleable melting depart- 
ment. All furnace repairs have been assigned to number 43. If a 
repair man works on a gray iron cupola, his charge will be 7643. 
If the same workman, or any other workman, repairs the malleable 
furnace, his charge will be 8643. All material requisitions, as well 
as labor, are charged to the proper departmental charge number. 
Departmental numbers have been assigned in the sequence of nor- 
mal production, that is, from core room, number 77 or 87, on 
through molding, hard cleaning, annealing and finishing. The 
latter is number 91. Naturally some numbers, like 90, do not have 
a counterpart in the gray iron foundry. 


Building Repairs Account 

4. All building repairs are kept separated from regular 
accounts by establishing a separate department, which is numbered 
52 and 94. This is done so that this account can be made cumulative 
for one year, from one month to another. Major building mainte- 
nance was planned over a five year period in advance and repairs 
proceeded at the rate of 20 per cent of total per year. During the 
summer months, the outside work is done and in the winter, the 
inside is painted and repaired. This keeps a pre-determined number 
of men busy the entire year. 


Motor Repair Account 


5. Motor repair created quite a budget problem. Often motors 
are not repaired for years, yet, when they burn out, the expense 
is great. A compromise was reached by budgeting an allowance 
for general motor maintenance. This includes oil changes and clean- 
ing. Large repairs, such as rewinding, are accomplished through an 
accumulating fund which is pro-rated according to the number of 
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motors in the department. This fund is cumulative for one year. 
No other account is cumulative from one month to the next. 


6. The general maintenance of motors is not controlled by the 
foreman but by a man well versed in motor needs. This motor in- 
spector blows the dust from the motors and gap-gauges every 


foundry motor at least once every 2 weeks. If the gap-gauge shows 
low bearings, this man immediately orders the bearings repaired, 
This method of motor control has saved many thousands of dollars 
during the past 2 years. 


Types of Labor Cards and Requisitions. 


7. The basic principle of this method of keeping costs is the 
use of separate labor cards, expense material cards or requisitions 
for each account to be charged. These cards are all the same size 
so that they can be priced and sorted easily. 


8. Labor is separated into four classes as follows, and each 
has a distinctive labor card: 


Productive Labor. 
Any person normally doing productive work more than 
50 per cent of the time is considered a producer. 


Expense labor performed by a producer. 
It is vital to keep this account separated for several 
reasons : 


(a) This is usually an added labor expense not 
originally anticipated when éstimating costs. 


(b) The labor rate of the producer usually is 
higher than a non-producer, so the job costs 
more than if done by a non-producer. 


(ec) The producer is not producing and the anti- 
cipated profit is not made. 


3. Expense labor performed by a non-producer. 
This is the labor expense anticipated when estimating 
costs. 


Overtime earnings. 
The overtime cards show the amount of overtime in 
hours, but only the additional money due to the job 
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running overtime. This premium money then is shown 
in the budget in account 17 and is seen easily. 


9. Each class of labor is recorded on a specific type of time 


ecard. Productive labor is recorded on a card like Fig. 1, expense 


labor on ecards like Figs. 2 and 3, and overtime earnings on a card 
like Fig. 4. Each card is not only distinctive in color but also in 
shape. Figure 1 is printed in black on white stock; Fig. 2, orange 
on white; Fig. 3, green on white; and Fig. 4, black on blue stock. 


10. It can be seen, from Figs. 1, 2, 3 and 4, that three of 
the cards have a corner cut off; also that small holes appear in the 
upper corners of three of the cards. These features are an aid to 
hand sorting. 


11. After all the cards have been rated, extended and checked, 
they are added for total hours and money by the department doing 
the work. These departmental totals are recorded on cards contain- 
ing the department name and date. When all departments have been 
completed, they are added for total payroll of hourly and piece 
workers for the day. This total later is used as a check against the 
total payroll distribution by accounts. The individual employee 
cards are then hand sorted by departments and special accounts 
charged. 


Salaried Payroll Account 

12. In order that the ‘‘Daily Operating Statement’’ for each 
department may include amounts earned by salaried employees, an 
expense labor card is made out for the total salaries to be charged 
to a particular account. This card also shows the total hours 
worked. These cards are marked ‘‘Salaried Payroll’’ without ref- 


PROOUCTIVE LABOR CARD 
OLIVER FARM EQUIPMENT COMPANY 


mi 
DESCRIPTION OF OPERATION omen | nouns | vm AMT | STO ® v 


Fic. 1—Propuctive Laspor Carp, Praintep 1N Back on WHITE Stock. 
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erence to any individual and are prepared by a confidential clerk 


The same ecards are used daily until a change is made in distribu. 
tion of hours or money. 


EXPENSE LABOR CARD fe) 
OLIVER FARM EQUIPMENT COMPANY 








2—One Type Expense Laspor Carp, PRINTED IN ORANGE ON WHITE STOCK. 


EXPENSE LABOR CARD 
OLIVER FARM EQUIPMENT COMPANY 








Fic, 8—ANnoineR Type Expense I m Carp, Printep 1N GREEN ON WHITE STOCK. 





OVERTIME LABOR CARD 
OLIVER FARM BQUIPMENT COMPANY 





DESCRIPTION OF WORK 























Foremes Supt 
OVERTIME EARNINGS | 

















Fic, 4—Overtime Lason Carp, Printep rn Brack on Bue Stock. 
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fing Method for Cards 
13. All ecards are together at this time and are ready for sort- 
ing by classes of labor and account numbers. These classes of labor 


ean be separated quickly by placing a long wire needle through 


the hole in the upper left hand corner and allowing the cards with 
the eut off corner to fall from the pack. In like manner, the right 
hand trimmed corner ecards are separated. 


‘Variation from Standard’? Account 

14. The cards are now ready for entry to the budget or 
‘Daily Operating Statement.’’ The productive cards are hand 
sorted as to piece work or day work, totals of hours and earnings. 
Since the money totals are at actual labor instead of ‘‘standard,’’ 
it is necessary to total the amount of ‘‘ variation from standard’’ 
shown in column ‘‘ Vr. Amt,’’ Fig. 1, and reduce or increase the 
actual labor to standard, as the case may be. Variations over stand- 
ard are shown in red on the labor card. The amount of ‘‘ variation 
from standard”’ is shown in account 14, excess labor. This column 
would be used to considerable extent in a jobbing shop to show the 
estimated cost (standard) against the actual cost. The same pro- 
cedure is followed using each type of time ecard. 


Requisitions 

15. All withdrawals of expense material from stock must be 
covered by a requisition card. Items that are impractical to meas- 
ure daily, are estimated for daily distribution and adjusted at the 
end of the month. Purchase of expense materials, that are a direct 
charge to a department, are charged as soon as the invoice is re- 
ceived. Other expense items, such as traveling expense and freight 
switching 


5? 


also must be included in the ‘‘Daily Operating State- 
ment.’’ 


Personnel Required 

16. This sounds like an enormous job in the time keeping and 
payroll department. Our foundry normally employs 550 men. Three 
clerks in the foundry office handle all the time ecards, including 
extending each time card. Two girls check the extensions, add the 
payroll, make out the ‘‘Daily Operating Statement’’ and write the 
weekly payroll checks. 


17. All postings to the ‘‘Daily Operating Statement’’ are on 
an accumulative basis. Through the use of a peg board, the report 
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for the previous day may be folded, the columns readily matched 
with the current statement being prepared, and the previous 
amounts included with the current day expenses. When all items 
of controllable expense have been posted, the sheets are 
footed’’ and budget allowances or standards computed and entered 


‘ 
** eross 


Any unusual or abnormal expense items are ‘‘flagged’’ on the 
daily sheets with explanatory remarks. A hectograph pencil is used 
so all copies have the desired information. 


SETTING-UP A BUDGET 


18. The question foremost in mind at this time must be, 
‘*How is a budget set up?’’ 


19. Some experience must be obtained as to how much money 
is absolutely necessary for each account. We have maintained a 
budget of this type for many years and so have accumulated a 
wealth of experience in our own foundry. This history is necessary 
if a true budget is desired. Every new machine requires some allow- 
ance. As machines get old, additional allowances are necessary. 
Often, the budget shows that some machine should be serapped 
and replaced with a new one. Costs in some one account also are 
compared with other foundries. If our expense is higher, ways and 
means of reducing our own cost in that account are found. 


Effect of Production Variations on Budget 

20. Some expense is necessary in every department if pro- 
duction is down at times to almost zero. When production has 
stopped entirely, the budget must allow for the supervision that 
must be kept in order to hold the organization together. 


21. As production increases, expense incrcases and the bud- 
get allowances should increase. When production decreases, the 
budget allowances decrease and expenses must decrease at once 
to maintain the same approximate costs. It is difficult to decrease 
expenses in proportion to decrease in production. The ‘‘ Daily 
Operating Statement’’ shows immediately whether or not expenses 


are not decreasing. 


Bases of Departmental Budgets 


22. The various departments in the foundry may have a 
different basis of computing the budget. The melting department 
budget is computed on tons of iron melted and the molding depart- 
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ment on tons of good castings. A differentiation is made because the 
molding department must notify the melting department as to the 
amount of iron needed on a particular day. 


23. If, for example, in the malleable foundry, the molding 
iepartment asks for more iron than is necessary, the melting de- 
partment should not be penalized but the molding department must 
be. Therefore, all pick up of over iron must be charged to the mold- 
ing department. The molding department can control, to a certain 
extent, the sprue, risers and gates, which is another reason why 
the molding department should only be paid on good eastings pro 
duced. Serap naturally should be deducted. 


24. In the core room, the basis of the budget is the amount 
of core sand used. At times, when comparing a period when large 
cores are made against one when there is a predominance of small 
eores, the basis appears wrong. It is surprising how these items 
will balance. An attempt has been made to set up the core room 
budget on productive earnings but thus far, it has not been success- 
ful. The sand used controls so many items that would not appear 
correctly, if productive earnings was used as the budget basis. 
Items like core oil binders, fuel oil, oven tenders and core carriers, 
all depend directly on amount of core sand used. 


25. The hard cleaning room budget is based on all castings 
made, good and bad. This department must handle the scrap as 
well as good castings, so the budget must take that in consideration. 
Likewise, the gray iron cleaning room is based on castings made. 


26. The annealing room budget is based on castings packed 
each day. It would be easier to pay all departments on good cast- 
ings received from the foundry, but the results would not always 
give a true picture. If there should be a lag in some department, 
this department would get credit when the work was not done and 
then when the work was done, no credit would be forthcoming. 


27. Due to variations in production, it was deemed wise to 
budget the annealing firemen on actual money spent. This is neces- 
sary, as the fireman must be on the job regardless of production. 
Annealing pots are pro-rated weekly. 


28. The finishing department budget is based on its own 
productive labor. It is necessary to differentiate between the regu- 
lar work done in this department and work done to save the cast- 
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ings, due to carelessness or errors in the foundry. The latter work 
must be charged back to the foundry. This is charged back by the 
use of account 51. It is felt that if the work was not done in the 
finishing room, the work would be scrap, so we charge the amount 
of labor performed to the scrap account. 


29. All allowances given the molder must be charged to the 
scrap account. Castings broken in the foundry must be charged to 
that same account. However, all castings broken in the mills, are 
eharged to the scrap account in the mill room. 


Use of Charts 


When the budget was being established, the daily, then 
weekly, and monthly expenditures of each account were plotted on 
graph paper. A line was drawn approximating all monthly expen- 
ditures. All points far out of the realm of the line were omitted 
We feel that it is better to exceed the budget occasionally, if every 
one knows the ‘‘whys and wherefores.’’ This line was drawn with 
expenditures on the vertical and the budget basis on the hor:zontal 
axes and shows the variation in money needed for the work done 


31. It will be noted, when plotting these graphs, that as 
production falls from a high level, costs are lowered at first in pro- 
portion to decrease in production. As production reaches a lower 
level, costs do not follow the same pattern. Part of this is caused 
by salaries, which go on regardless of amount of production. This 
element is taken care of in the budget by giving a standby allow- 
ance on some specific accounts. This standby allowance is given to 
the department daily, regardless of output. However, the standby 
allowance should be kept at a minimum, as usually part of the time 
the foreman could be working elsewhere in the shop. Lubricants 
should be classified in the standby account. This is particularly true 


in any shop using line shafts. A line shaft requires almost as much 
eare regardless of whether all or only 10 per cent of the men are 


at work. 


32. A sample graph, Fig. 5, shows two molding department 
accounts. The top half illustrates Supervision Account No. 19. The 
chart has been plotted, using the expenditures for 6 months on the 
vertical and tons of good castings on the horizontal axes and illus- 
trates the need of a standby allowance. From Fig. 5, it ean be seen 
that $180.00 per month is needed, even if no castings are made dur- 
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DEPARTMENT 
NO. 88 MOLDING 


ACCOUNT NO. 50-PATTERNS AND CORE BOXES | 
200 300 400 
TONS OF GOOD CASTINCS 


Fic. 5—Cuart SHOWING SUPERVISION ACCOUNT 19 AND PaTTERN aNb Core Box Account 50 


or Mo.LoinGc DeparRTMENT, 


ing the month. The graph shows that supervision expense increases 


directly with increased tonnage. The line as drawn is the result of 


more than 6 months’ experience, but can be drawn from less. Every 
6 months, the results should be checked and, if the point is proved, 


the line or allowance should be changed 


33. The bottom half of Fig. 5 illustrates our Pattern and 
Core Box Account No. 50. Here again the expenditures are plotted 
m the vertical and tons of good eastings on the horizontal axes. 
The result, as illustrated, shows money should be spent in direct 
relation to tons of castings produced. If a department deviates very 
far from its allowance, an explanation is necessary. 


34. Care must be taken by management, that some foremen 
do not sacrifice the machine repair account to make better budget 
realization. We make it a practice to insist that the machine repair 
account be spent, unless the foreman can prove his machinery is in 


good shape. 


35. As all costs eventually will be dependent on tons of good 
castings, expenditures can be plotted against tons of good castings. 


The resultant can be translated back to the correct basis. 
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Establishment of Budget Allowances 


36. Although it is inadvisable to set up a budget impossible 
to attain, it is advisable to shade all allowances a trifle. When a 
foreman attains 100 per cent realization, he is self-satisfied. In the 
author’s company, budgets are established on 90 per cent of actual! 
past performances. It is surprising, but eventually almost every 
aeeount reaches 100 per cent, due to the foreman’s ingenuity in 


finding short cuts 
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37. The budget must take into consideration increases or de 
reases beyond the foreman’s control. As eoal, coke, brick, ete., 
nerease in cost, the variable budget allowance must be raised to 
offset such increases. This also would be true if there was a general 
nerease for labor or supervision. Fig. 6 shows a ‘‘ Daily Operating 
Statement’’ of Department No. 88, the molding department. This 
statement is typical of the statement the molding foreman receives 
daily. Only unusual expenditures are ‘‘flagged.’’ As the foreman 
receives a statement daily, he can see the amount spent for any one 
day. However, any account that is daily exceeding the budget, is 
‘‘flagged’’ as a reminder. 


Daily, Weekly and Monthly Statements 


38. We do not issue any charts to the foremen but use a con- 
densed statement with the allowances for each account. This is 
used by the foreman as a check on allowable expenditures. In addi- 
tion to the ‘‘Daily Operating Statement,’’ a weekly summary is 
issued. This weekly summary picks up all accounts that have been 
pro-rated during the week. 


39. A ‘‘Final’’ for the month also is issued to the manager 
and superintendent. This is a summary of all accounts in any one 
division. This statement gives a complete picture of the entire 
expense cost for the month. The ‘‘Final’’ is a result of the month’s 
performance. The foreman does not pay much attention to this 
report as he knows that, if his daily statements have been watched 
carefully, the ‘‘Final’’ must be all right. 


CoNCLUSIONS 


40. Many may wonder ‘‘ What good is this budget?’’ We have 
used this type of a budget for over 2 years. Comparing 1937 and 
1940, comparable years as to production, we find that our control- 
lable expense has decreased about 5 per cent. This has been accom- 
plished in spite of the fact that both labor rates and many materials 
have increased in price. In addition, all our equipment is in better 
shape at present than in 1937. 
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DISCUSSION 


Presiding, R. L. Ler, Grede Foundries, Inc., Wauwatosa, Wisconsin. 





M. J. LEFLER!: Are the supervisors allowed any percentage for 





maintaining a good budget, and if so, how is that percentage handled? 














Mr. BUMKE: The budget was based on 90 per cent realization 


If the budget realization ends the month at 90 per cent or over, a 
bonus is paid. This bonus pro-rated among the foremen in that one 
department. The salaried foremen receive the bulk of the bonus but 
some of the hourly foremen receive a portion of it. 
















CHAIRMAN LEE: In paragraph 34, the statement is made that 
“Care must be taken by management that some foremen do not sacrifice 
the machine repair account to make better budget realization. We 
make it a practice to insist that the machine repair account be spent, 
unless the foreman can prove his machinery is in good shape.” Are 
there any of the foundries represented here that do have budgets for 
repair expenditures? 
















MEMBER: We have a budget at our plant that is based on direct 
labor. Does this budget tend towards remuneration for supervisors if 
they finish in the black at the end of the month? I was wondering if 
this budget 






was the same as ours. 





Mr. BUMKE: We do give the supervisors part of the savings. It 
is one of the few ways to get the reaction that you should—pay back 
some of it to them, and pay them back enough so that it is worth 
while. 












Mr. LEFLER: I think perhaps you began insisting that they spend 
the repair account at the time you started giving a bonus for holding 
a low budget. 








Mr. BuUMKE: That’s right. We started that because, in many of 
our departments, machine repair is a large part of the expense and we 
were afraid that some of the men would sacrifice many of the machines 
to get a good realization and a good bonus. Then at the end of 6 months 
or a year comes the day of reckoning and it is just too bad, 












Of course, the best method is to daily or monthly keep machines 
in shape. Then you do not have any terrific amount at one time. That 
is the only reason why we insist that they spend it. It is one account 
by which they could make a fictitiously good budget. 


CHAIRMAN LEE: It seems to me that Mr. Bumke is perfectly right. 
If a foreman was given a bonus entirely on the savings that he made, 
he might let a machine wear out and you would have to replace the 
machine. He would have been paid a bonus to let the machine last half 
as long as it should. 


4Works Mgr., The Western Foundry Co., Chicago. 
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I have a few questions to ask. In paragraph 29, Mr. Bumke in- 
dicates that the allowance given to the molder “must be charged to 
the scrap account. Castings broken in the foundry must be charged to 
that same account. However, all castings broken in the mills are 
charged to the scrap account in the mill room.” Are any of the foundries 
represented following that procedure? 


MEMBER: Is that scrap an asset account? If you are charging 
productive labor to an assest account, like a scrap account, you are just 
increasing the value of the scrap. 


Mr. BUMKE: Our budget is almost entirely non-productive. We 
stay away, to a certain extent, from the productive on the budget 
proper, and the scrap is charged directly in the scrap account. 


MEMBER: But you are charging back not only the value of the 
metal, but, also the value of the labor that is charged from the scrap 
account. 


Mr. BUMKE: No, all we are charging back is the direct labor, not 
the metal, not the value of the casting. 


C. J. DIEMAN?: Your shop is not a jobbing shop, is it? I ask 
that because I find that in the jobbing shop, the tonnage may vary 
from month to month, say 10 per cent, depending on the assortment. 
I understood that you took tonnage of molding as your basis, isn’t 
that right? 


Mr. BUMKE: Yes. 


Mr. DIEMAND: If your tonnage varies 20 per cent, that basis 
would not be any good for us. I assume you do not have those 
variations. 

Mr. BUMKE: You can call us a production shop, if you want to, 
but we still think of ourselves, to a certain extent, as a jobbing shop. 
We do work for three other factories besides our local factory, and 
also do a little outside work. So in a sense, we are a jobbing shop. 
Our orders compare with any jobbing shop. We run plenty of short 
orders of different types. 


Mr. DIEMAND: You get one day, let’s say, production of a 
hundred, and with the same efficiency, you get the next day 110. I 
do not see how your budget helps you very much, if you put it in re- 
lation to tons, because that does not represent the efficiency. The 
next day you get 10 per cent more tons out but that does not mean 
that your shop worked 10 per cent more efficiently. It just happened 
to be the assortment ran 10 per cent heavier than the day or the 
week before, whatever it happens to be. 


Mr. BUMKE: Of course, you have exceptions to the rule, but the 
work we are discussing now is the indirect labor and it depends en- 


*General Manager, Sessions Foundry Co., Bristol, Conn. 
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tirely on your tonnage. Your melting entirely depends on tonnage, 
regardless of what is going into it, and I am not talking of molding 
now. I am talking of picking up the castings, delivering to the mill 
room, cleaning up, and so forth. That is in your labor accounts and it 
still depends on your tonnage. 


Mr. DIEMAND: Do you have direct labor? 
Mr. BUMKE: Yes. 


R. F. HARRINGTON’: Would your cleaning room labor be taken 
into account in this budget? 


Mr. BUMKE: Yes. 


Mr, HARRINGTON: We have put it upon a tonnage basis and we 
get into a situation where we do not give ourselves credit for the fact 
that certain castings require a long while in cleaning. You may have 
a lot of heavy risers to cut off on one casting, compared to another. 


We find our cleaning room costs vary considerable from one period 
to another and that, because the type of work changes from one period 
of the month to another, we have almost had to give up this method 
of basing it upon tonage. 


Actually, the casting may have sold for 12 cents a pound in one 
case, and only 9 cents in the other. We have gotten our money for it 
all right, but on the tonnage basis, the report is not all that it might 
be, simply because of the variation between one type of casting and 
another, 


I am referring now to cleaning room labor and labor other than 
direct molding labor. 


Mr. BUMKE: Of course, we have no big extremes of enormous 
castings. Maybe that is what you are referring to. Our work will 
fluctuate from a fraction of a pound to 20 or 25 lb. Gray iron will go 
to as high as 200 and 250 lb. 


As far as the finished product is concerned, it varies in the 
malleable from as low as 5 cents per lb. up to 25 cents per lb. but it 
still works out all right, 


W. L. CHATFIELD*: Your budget system for that work on that 
weight casting from a few pounds up to 250 I imagine would be all 
right, I agree with these other two gentlemen here because we make 
castings anywhere from a few ounces up to 7 or 8 tons, and it takes 
probably a day and a half to get the cores out of one of these large 
castings. Your budget on that would not work very well. We have 
tried it, too, and it makes the cleaning room cost fluctuate considerably 
whenever we have one of those big castings and have to take the cores 
cut of it. We use core-breakers, too. 


sHunt-Spiller Mfg. Co., Boston, Mass. 
‘Fate-Root-Heath Co., Plymouth, Ohio. 
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Mr. LEFLER: Wouldn’t you have a variation in the gray iron foundry 
between types of castings? That would answer his question. 












Mr. BUMKE: In our gray iron, we have a different basis. In 
ther words, we split our gray iron. We run lots of plowshares which 
are in a much different category than our regular, miscellaneous 
castings. We have a different basis for the shares. Of course, we have 
a big volume of them and we can and have established a basis for just 
that, but they are all very much the same type. 













Mr. DIEMAND: How much does your cost percentage jump around 
from day to day? 







Mr. BUMKE: We have a fluctation of about 5 percent. It is not 
very much. We went up to 15 or 20 percent, but not recently. We have 
a large variety of different stock. 






MEMBER: Not as large a variety as a strictly jobbing shop. We 
have castings that may weigh 5 or 6 tons, and there will be practically 
no cleaning labor. Other castings will weigh a ton and there will be 
3 days’ cleaning labor on them. There are forty cores on one and none 







yn another. 






Mr. BUMKE: We are not a jobbing foundry to the extent that 
you speak of, no. Our foundry is not very large and yet we have over 
100,000 patterns that are fairly active, so you would not call it a 
production shop. 











P. E. RENTSCHLER®: Don’t you have parts in steady production 
for several days? 






Mr. BUMKE: Yes, some of them run a year around. 












Mr. RENTSCHLER: That would make a lot of difference. It is for 
that reason we do not have a budget. Our class of work varies so much 
that we will have one molder produce as low as 100, 125, 150 Ib. of 
castings in 8 hours, and we will have another molder that will produce 
1000 or 2000 lb. Depending on the classes of work that are going 
through the plant, our costs will vary 25 or 30 percent from one month 
to another. As long as we have our eye on the type of work that is ' 
going through, that does not bother us in the least, as long as it goes 

in relation to our selling price. We found no way to budget ahead to 

carry along anything that has really meant anything to the super- 

vision or to the management, except in the case of a post mortem, 












Mr. LEFLER: It just happens that I have had considerable experience 
“ith the budget that the author is talking about, and I did adapt it 
to a jobbing foundry which is using it at present. I think we are 
going to miss a bet if we pass up the idea of a budget altogether, 
simply because we run into “ifs” and “ands.” It is much better to 
have no budget at all. 











‘President, The Hamilton Foundry & Machine Co., Hamilton, Ohio. 
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In our particular case, we started with a very simple budget, and 
then had to make allowances for types of castings in various foundries 
and various plants, and, in some cases, within the plants. For instance, 
in one plant we have a conveyor unit, and also some work on a side 
floor. When we first started, we found that how strong the conveyor 
was or was not running made a big difference in, our budget. Of course. 
we had to set up a separate budget for the conveyor. 


In another foundry, we ran into a lot of light castings, which 
brought up a question. So in that particular budget, we have to adjust 
the allowance, sometimes weekly, sometimes daily, depending on the 
type of castings that are running. I will not claim that that is too 
sharp, but if our budget looks bad, we look for the reason. In some 
cases, we can honestly say that it is the type of castings, and in other 
cases, it is not, but is due to negligence on the part of the supervisor. 
At least we looked, while before we had the budget, we did not pay 
attention until it was too late to do anything but a post-mortem. 


CHAIRMAN LEE: What do you base your budget on? 


Mr. LEFLER: We carry it from department to department, much 
as the author does. In the melting department, it is based on the 
tonnage melted; in the molding department, it is based on the tonnage 
of. good castings; in the core room, it is split between direct labor and 
the weight of sand used, the same as our cost is; and in the cleaning 
room, it is based on the tonnage of good castings, again, plus bad 
ones, and so on. 


Mr. BUMKE: When we started this budget, as far as the operat- 
ing men were concerned, it was discussed pro and con, because it 
actually did bring out a lot of weaknesses directly responsible to the 
foreman. 


For instance, often we would have some man running out of a 
job, and he would have some waiting time. It got by and it could get 
by for a while. The foreman would cover up before we had this budget 
arrangement. It is impossible now. This lost time must go into excess 
or waiting time, and it looms up like a sore thumb. That is just one of 
the many things where most of its value has come from. There have 
been so many things that the foreman could cover up before that it 
is impossible to cover up now. There is no place to charge it, that’s 
all. This budget arrangement actually has saved our company more 
than $100,000. 


Mr. HENDRICKS: Your budget and cost system seems to be based 
on a production foundry. Though your castings vary, they are appar- 
ently similar in type. Considering the jobbing foundry and all the 
points brought up by the gentlemen before, I think of the cost system 
which was brought out, with the inception of the NRA some years 
ago, which brought all the indirect labor in direct relation with the 
direct labor. From our experience as a small foundry—although the 
same principle applies to the bigger foundry, too—we always bring 
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ir indirect labor in relation to direct labor. In other words, there is 
molding cost, a basic cost, and all indirect labor has a certain pro- 
rtion spent on molding. It seems to be a practical system. 


} 


Mr. BUMKE: On our operating statement, we specify the produc- 
tive hours, the amount of money spent, and from it the man ean find 
the tonnage so that he knows daily what those tons of castings cost 
him, being productive direct as well as indirect. 


Mr. HENDRICKS: I have found a pretty close percentage, with a 
variation of only about 4 or 5 percent. For instance, all cleaning costs 
are about 46 to 50 percent of our molding costs. That factor varies very 
little. Have you established anything like that? 


Mr. BUMKE: No, I have not given that very much thought. The 
cleaning is a small part of it. 


Mr. HENDRICKS: I do not mean cleaning. I mean all other costs 
except the direct molding. 


Mr. BUMKE: I could not answer that. 
CHAIRMAN LEE: Are you including the core department in that? 


Mr. HENDRICKS: No, I do not include the core department. The 
core department is separate. That is part of the direct labor. 


CHAIRMAN LEE: You are including the indirect labor and indirect 
cost in the molding department and the cleaning department. 


Mr. HENDRICKS: I take the core room costs and the direct mold- 
ing costs as direct labor. 


CHAIRMAN LEE: And add those two together? 


Mr. HENDRICKS: That’s right. There is a definite relationship 
between all other costs and the direct labor costs. It is pretty uniform. 


JASPER WILLSEA®: We make jobbing machine tool castings for 
outside customers, and naturally we give a price on every pattern. 
Therefore, we have a budget of direct labor and indirect labor. That 
is usual basic standard for budgets in other industries. I should 
think a jobbing foundry would estimate the patterns for direct labor 
and also use direct labor in the budget, for handling expenses, as many 
as you can, and shift all other expenses to the casting weight. As 
Mr. Bumke says there are many costs in the foundry that are charge- 
able in direct proportion to the weight of the work being done. In a 
j»bbing foundry, and particularly where there is a wide range of 
patterns, I should think you would have to set up a standard ahead of 
time, of what your direct labor is going to be, or you will lose control 
of output. That is, in a jobbing shop you need production control before 
you can start with cost control. 


*Willsea Works, Rochester, N. Y. 
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Mr. BUMKE: Our finishing room is based on its own productive 
labor 


Mr. WILLSEA: You are just lucky in running a budget that you 
can run your foundry as though you were making only one thing. I: 
other words, it is as though you were making one big casting for th 
month. 


A. C. DENNISON‘: When the Gray Iron Institute was working out 
standard costs, I fortunately happened to be on one of the committees 
for the heavy foundry division and it was found that this same problem 
came up with regard to formulas for standard cost systems. 


It was found very easy for the light foundry divisions to bass 
their costs totally on the distribution of weight. But when it comes t 
the heavy foundry division’s cost figures, it did not work out that way 
If you will refer back to the recommended cost practices of the Gray 
Iron Institute, which was taken over by the Gray Iron Founders’ 
Society, you will find there was a division recommended for heavier 
jobbing casting practice, whereby some items of cost are distributed 
on the basis of weight and some items are distributed on the basis 
of direct molding and core-making labor costs. That was the final 
agreement, 


According to the type of foundries you are running, one is practical 
and the other is not. In heavy foundries, both are used. If one were 
setting up a budget system in a heavy jobbing foundry, he should set 
up and follow that same outline of distribution. He should budget 
some castings on the basis of weight, and some on the basis of the 
total direct labor, following exactly the same outline as recommended 
in your standard cost practice. This principal of distribution is very 
well developed and would be applicable here. 


Mr. HENDRICKS: I have reference to this particular cost system, 
and I have used it since. 


Mr. BUMKE: We have many items that, regardless of tonnage, 
loom up and are being brought home to the management. You start 
with your make-up allowance, overtime, setup—which, of course, your 
big shops would not have—supervision, inspector, timekeepers, and that 
work is all easily broken down to any basis that you want. 


Take overtime, for instance. We were astonished that we had as 
much overtime as we did have. It was never brought home, at least 
by the foreman. Management knew it at the end of the month, when 
it was too late. In this way, the foreman signs a few cards, 50 cents 
here and 15 cents there; you do not think it amounts to very much, but 
at the end of the month, it comes to quite a large amount. 


MEMBER: I would like to ask about the overtime question these 
days. Overtime is something that is not desirable, but it is absolutely 
necessary. If you pay your foreman or supervisor a premium based 


’President, Fulton Foundry & Machine Co., Cleveland, Chio 
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ypon your budget, how do you account, and in what respect, does the 
vertime have an effect on your budget? That would mitigate against 
the foreman’s chances of getting a premium, would it not? 


Mr. BUMKE: That’s right. 


MEMBER: How do you account for that in the budget? Do you 
make allowances or does the foreman lose out? 


Mr. BuMKE: It is up to the foreman to figure out ways and 
means that he does not have overtime. Sometimes it is impossible. 
However, a lot of overtime is undesirable and can be eliminated. 


MEMBER: We cannot get in enough hours. 


Mr. BuMKE: If you get production that high, your budget ought 
to get up to about 110 or 115. 


MEMBER: That reflects against your foreman’s chances. We pay a 
10 per cent night bonus to all workers who work outside of the regular 
shift. That also has an effect. How do you account for that? 


Mr. BUMKE: We allow for that in the budget. We pay a bonus 
for night work, too. 


MEMBER: I am basing this on the assumption that overtime is 
something that is desirable, rather than undesirable. 


Mr. BuMKE: As far as we are concerned, no overtime is desir- 


able. You are paying too much for it. 


’ 


MEMBER: It is desirable with us. We cannot get enough hours a 
day. I was wondering what your foreman made on premiums with the 
overtime. 


Mr. HARRINGTON: There is some overtime, when you are working 
6 days a week, that is quite in order. We found that there was a lot 
of overtime creeping in at 4:15 and 4:30 at night. A careful check 
on that was very worth while. 


We all recognize that we must work 6 days a week, and maybe 
longer, but there is a lot of overtime creeping in that should not be 
there, in spite of the fact that we want to get in 6 days a week. 


MEMBER: We find this overtime basis opens up an interesting topic. 
Checking on labor costs of castings produced, if that was added to by 
50 per cent, which we pay for overtime, we lost money on every hour 
that we worked overtime, whether Saturdays or any other day. 


Of course, if you make enough money on the other 5 days to carry 
over to Saturday or Sunday or any other time, that is all right, but 
our experience is that it is rather disastrous. 


Mr. LEFLER: It is disastrous unless you can pass it along to the 
buyer of the material, if he really needs it. I think you cannot justify 
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the arithmetic of working overtime unless it is absolutely necessary, 
and then it must be passed on. Otherwise you are losing out when- 
ever you need it. 


MEMBER: You will agree that in the gray iron business, overtime 
just cannot be swallowed. 


Mr. LEFLER: You cannot justify it with arithmetic unless it is ab- 
solutely necessary, and then it must be passed on to the buyer of the 
product. 


MEMBER: The reason I bring the matter up is that many of our 
customers insisted on overtime work without paying for it, because 
they show you facts and figures that in their finished product, they 
can still work their shop overtime and make money on the product, 
but they have a huge overhead and the direct labor in proportion to 
the overtime is very small, whereas in the foundry business the direct 
labor is very large in proportion to what you are selling, and it does 
not work out. 


Mr. BUMKE: We always did have overtime, but we have far less 
than we had formerly. 


Mr. DIEMAND: In that connection, I might mention that, in regard 
to Saturday work, I figured out our labor on regular time is roughly 
40 cents on every dollar we sell. That means if we work Saturday, 
instead of paying 40 cents, we pay 60 cents. 


On the other hand, we have fixed overhead that the first 5 days 
of the week absorb, which I figure is 15 cents of every sales dollar. If 
we had a 5 percent profit, we would just break even on Saturdays, 
provided there was no loss of efficiency, which there is. The high labor 
cost per dollar sales certainly does not work out so well, unless you 
can pass it on to customers. 


CHAIRMAN LEE: You have brought out one interesting point and 
that is that it is evidently your belief, and mine, that it is not fair to 
charge depreciation and other overhead charges on the same basis on 
Saturday as any other day of the week. 


Mr. DIEMAND: They are there, anyway. 


CHAIRMAN LEE: There is no additional cost merely because you 
operate on Saturdays. 


Mr. LEFLER: Our figures worked out a good deal like yours, that by 
operating 6 days a week, our overall costs increased about 10 per cent. 
Of that 10 per cent, about one-tenth was absorbed by more completely 
absorbing our fixed charges of salary and taxes and insurance, etc. 
So we are still behind about 9 per cent by working overtime, unless 
we can pass it on. 


Of course, there are many cases where the customer insists, and 
he is willing to pay for it; that is a different matter. 





DISCUSSION 629 


MEMBER: In a jobbing foundry, you get up against another ques- 
tion. The customer insists that you work overtime. Maybe two customers 
out of the 40 that you are serving in the ordinary operation of your 
shop, insist upon that. The others do not. When those two customers 
want you to work overtime, you are in difficulty with the other 38, and 
there is no such thing as getting the extra money from them. You 
eannot run your shop for those two customers because your overtime 
umps sky-high for the proportion of lower melting, ete. 


Mr. HARRINGTON: I can think of another factor. You certainly 
would not be paying the salary for the foreman on a 5 day basis when 
you are working on a 6 day basis, so we have introduced an additional 
cost for the supervisors. 


MEMBER: If your overhead is not easily predicted, overtime will 
raise havoc with your expense, and those foundries which are operating 
in a percentage on labor basis will have a fluctuating expense burden 
all the time. 


CHAIRMAN LEE: The usual procedure is to eliminate the over- 
time pay in computing your other charges. It certainly is not fair to 
add your half time to your total time and then distribute your depart- 
ment charges on that inflated basis, because you are inflating it by 
50 per cent every day that you operate on time-and-a-half basis. 


MEMBER: In paragraph 36, you say that “budgets are established 
on 90 per cent of actual past performances. It is surprising, but 
eventually almost every account reaches one hundred per cent, due to 
the foreman’s ingenuity in finding short cuts.” I wonder if it is due 
so much to his ingenuity in finding short cuts. I think if I were on a 
budget and found that at the end of the year I had only consumed 40 per 
cent of what was allowed me, I would spend the other 60 per cent in 
the remaining time so as not to have my budget cut down next year. 


Mr. BUMKE: It is not accumulated. 
MEMBER: You have to spend so much every day. 


Mr. BuUMKE: At the end of the month, it is dead, and you start 
again. 


MEMBER: It is accumulated at the end of the year so you base 
next year’s budget on 90 per cent of last year’s. 


Mr. BuMKE: It is not accumulated, except the building and 
electric motor accounts. None of the budget items are cumulative from 
year to year. At the end of the month, you start from scratch. 


MEMBER: Each month is budgeted? 


Mr. BUMKE: That’s right. 


MEMBER: Suppose you paint the interior of your plant. You 
have an abnormal expense one month. 
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Mr. BuMKE: That is in our building account, which is cumulative 
for a year, and it is prorated. It is up to whoever has charge of the 
building maintenance, even if he might spend 3 months’ budget allow- 
ance the first month, but it is prorated then for 3 months. 


MEMBER: He would have an opportunity, if at the end of the 
year he saw this account was falling below the budget, of making a 
lot of improvements which were unnecessary, to meet the budget 100 
per cent. 


Mr. BUMKE: That is only one account. That is the building 
account, and many places I have been, have not allowed enough money 
for that. 


CHAIRMAN LEE: How often do you revise that 90 per cent? 


Mr. BUMKE: We really have not made very many changes. At 
first, we changed it at the end of 6 months, and we made more changes 
at the end of another 6 months. Now we have gone for a year without 
any changes. It will be rechecked in June and maybe some of the 
accounts will be changed. 


F 

MEMBER: You reach a point of diminishing returns, because it 
is no longer economical for the foreman to try to earn any bonus. If 
he lowers his costs and earns a bonus, next year he has to do even 
better. 


Mr. BUMKE: That is what I contended, but they do not intend to 
do that. 


MEMBER: I think that is why you reach your 100 per cent so 
often. 


Mr. BUMKE: We ran on a 100 per cent budget until last June, 
and we started on a 90 per cent basis. This is the first full year we 
have been running on a 90 per cent basis. Most of the departments 
are actually holding pretty close to 100. They claim that in June they 
will not cut it, unless the company has done something to make it 
easier for them. It would not be fair to the foreman. 


CHAIRMAN LEE: There does seem to be one budget I do not think 
there will be much argument about, and that is No. 24. 


Mr. BUMKE: We tried that on productive labor. It did not work 
very well for us. We ran 6 months for it. 


MEMBER: You have standard costs? 


Mr. BUMKE. Standard costs all the way through. 


CHAIRMAN LEE: They make their castings and then charge what 
it costs. We have to estimate it and then try to sell it. 


Mr. RENTSCHLER: What do you mean by standard costs, direct 
labor plus standard overhead plus molding, and the same for cleaning? 
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Mr. BUMKE: That’s right. 


MEMBER: You do not sell castings to your other plants on a 
standard cost, do you? 
Mr. BUMKE: No, naturally, but the overhead is based on a 


percentage. 


Mr, LEFLER: A certain percentage of direct labor in certain depart- 
ments and so much for metal. 


Mr. BUMKE: We estimate nearly all of our jobs as individual 
jobs, and as far as we are concerned, if our costs go up, our price goes 
up to our sister plants. 


Mr. RENTSCHLER: Do they have you on a budget basis here 
where you get credit for reducing costs in your plant, or do they have 
to take it. 

Mr. BUMKE: They do not give any blame or credit for anything. 

Mr, RENTSCHLER: They just have to pay? 

Mr. BUMKE: That’s right. 


Mr. RENTSCHLER: Are you faced with outside competition? In 
other words, if they can buy cheaper on the outside, will they do it? 


Mr. BUMKE: That’s right. 


J.C. JENSENS: I do not believe that is true. The proof of the pudding 
is in the eating. It is working for all of us, there is no doubt about it. 
Some years ago I had six molders all working on the same kind of work, 
and it did not make any difference what job came, these six molders 
produced about the same tonnage day in and day out. There is hardly 
any variation in the tonnage on the jobs that you run. If there is a 
light casting, they have got the gate up so they get 12 or 15 lb. on the 
gate. If there is only one on the gate, it weighs 10 or 12 lb. They get 
about the same amount of molds and it runs pretty evenly. 


Since I have lost that job, I have those six molders working on other 
jobs and my cost has gone up considerable. I have got an entirely 
different line of work. The core room costs have gone up. Our cleaning 
costs have gone up. The times may have had something to do with 
that. Nevertheless, when you have a molder making 125 lb. on one 
floor and a molder and a helper producing 3 tons on another floor, it 
is a hard matter to figure your budget on that kind of production, 
but with you, it undoubtedly can work well. There is no doubt about 
it, and it is working splendidly. I know some of the foremen down 
there and they are tickled to death with it. 


Mr. BUMKE: As far as production is concerned, we have fluctu- 
ated. Some floors have 3 tons and others have 300 lb. 


Mr. WILLSEA: How do you budget your core room? That is, after 
the budget period, do you keep track of the pounds of sand that have 


‘Battle Creek Foundry Co., Battle Creek, Mich. 
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been put into cores, and then do you use that as the standard for the 
allocation of expense? 


Mr. BUMKE: Daily. Every day at the end of the day, the amount 
of sand used is the basis. 


Mr. WILLSEA. Then it is not really budgeted, it is standardized. 
Your expense is standardized to what you have done during the day. 


Mr. BUMKE: We tell the foreman how much he is allowed for 
every ton of sand going in there. We predetermine that. 


Mr. WILLSEA. You did not predetermine ahead of time how much 
core sand you are going to make into cores, and then assign the ex- 
penses to that amount of core sand business? 

Mr. BUMKE. No, but normally in our core room we run around 
26,000 or 28,000 lb. of sand a day. Some days we drop to 20,000 lb. 
It is up to the foreman. If he sees the amount of sand used is going to 
be off—which he knows fairly early in the day—it is up to him to cut 
the corners, if necessary, to keep within his budget allowance. Every 
man has got to work with him or he is out of luck. 


Mr. WILLSEA: That is what I was getting at. It is really a 
measuring stick rather than a predetermined budget. 


Mr. BuUMKE: Are not all budgets like that? 


CHAIRMAN LEE: You are making a statement about a predeter- 
mined budget. I think the title of the paper, “A Variable Foundry Budget” 
answered that question. It seems self-evident that if 10 tons go through 
one day and 20 tons the next, the core room foreman wiil be allowed 
twice as much of an expense budget on the second day as he was on 
the first, but it is a budget in that it is so much money per pound or 
per ton of core sand that goes through the core department. 


Mr. LEFLER: I think this gentleman is talking about what Oliver 
calls a cash budget, which it also makes up. In other words, a prophecy 
is made of how much; money is going to be needed to carry on the 
business, and that is an entirely different matter than trying to control 
the costs in proportion to what they should be per ton of castings per 
dollar. 


Mr. WILLSEA. That is done through variability. 


CHAIRMAN LEE: That would naturally be done through planning 
the production schedule of the machinery that they are going to make 
over the period of the year. 


MEMBER: Who prepares this budget? Is it a coordinated budget? 
Mr. BUMKE: Do you mean the basis? 


MEMBER: Yes. 
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Mr. BUMKE: Every foreman is given the amount that he will 
be allowed for either productive labor or tonnage. In the core room, 

is amount of sand. He is given the amount of money in every 
account that he is allowed to spend. 


MEMBER: Who estimates the allowance? 
Mr. BUMKE: It is not estimated. 

Mr. LEFLER: Who sets up the standards? 
Mr. BUMKE: The cost department. 


MEMBER: It is not a coordinated budget between sales and pro- 
duction? 


Mr. BUMKE: No! I do not think it should be. When you have a 
general increase you have to increase your budget allowance. 


Mr. DIEMAND: You have run into that already, have you not? 


Mr. BUMKE: We changed the budget immediately for that. If 
we have to pay more for coal or coke, or whatever it is, the budget 
allowance is immediately changed. There is no other way to compensate 
for the increase. It would not be fair otherwise. 


MEMBER: In some ways this variable foundry budget seems like a 
misnomer. It seems like a standard cost system in which you watch the 
variables. The foreman is not held accountable for any variations in 
expense, is he? Suppose his allowance is exceeded, what happens? 


Mr. BuUMKE: If the foreman gets a budget based on 90 per cent 
and he might only get 60 or 70, he has got to give some explanation 
for it. If he consistently does it, maybe you need a new foreman. 


MEMBER: An ordinary standard cost system would tell you the 
same thing. 


Mr. BUMKE: Would you get your returns back? If you get your 
returns back to the man soon enough, it will be ali right. For instance, 
for our Monday molding, not later than noon on Wednesday the 
foreman has a picture of every dime spent, regardless of where or by 
whom, in his department, maintenance repair men, machine repair, any 
core oil that he used in the core room, any binders, anything. 


CHAIRMAN LEE: You state this really is a standard cost system. 
Isn’t a standard cost system a budget, too? 


MEMBER: I have come to regard a budget as some sort of pre- 
determined cost, and a standard cost is not a predetermined cost. It 
is in a sense, but it is going backwards and finding out what things 
actually cost you then, and not in the future. 


CHAIRMAN LEE: Well you must predetermine expenditures to 
establish standard cost, and except in the cost of building repairs; 
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machinery repairs, and things of that sort, you can establish a certain 
amount to be spent in the year, but it would seem impossible to estab- 
lish a daily amount of money to be spent if you have a varying schedule 
of production, 


Mr. LEFLER: Is not a budget a statement periodically of how close 
you realize your standard cost? That is what this is no matter what 
you call it. 


MEMBER: This is really a super-standard cost system in which 


you get the returns sooner than you normally would. 


Mr. BUMKE: We used to get our costs too late. We would go to 
the foreman and criticize him for something, and he had forgotten al! 
about it. 


Mr. LEFLER: At the end of the month you found out he had exceeded 
standard costs by $4000. That is all he knew. He did not know where 
he did it or how he did it or what department or what cost. 


CHAIRMAN LEE: Have you experimented with the daily labor 
budget? Do you have any hour budgets in this? 


Mr. BUMKE: No, it is dollars. The predecessor to this was an 
hourly budget because it could be gotten quickly and all you had to have 


was the hour, but we found that it led us astray because of variations 
in hourly rates. 


MEMBER: You say that one of your greatest savings was effected 
by cutting down weight and patterns? 


Mr. BUMKE: That was just one of the items. 


MEMBER: How did you divide that figure? Did he jot down the 
amount of time spent weighing? 


Mr, BUMKE: No, he punches a clock after each job. 


MEMBER: Do the core-makers punch clocks, too? 


Mr. BUMKE: Not unless there is something unusual such as a 
breakdown. If core makers change from job to job, they need not punch 
the clock. We attempt to have piece work on everything immediately. 


CHAIRMAN LEE: It seems to me that there are two advantages 
that Mr. Bumke brings out. One is that the reports are gotten to the 
foreman quickly, while it is still fresh in his mind, and that it brings 
up all the items such as make-up allowance, overtime, setup time, and 
things of that sort, and brings it back fast enough so that the foreman, 
if he vses it, can do something about it. If he does not use it, then, as 
Mr. Bi mke points out, it is going to be put down in red on the report 
that he gets, and he evidently would not hold his job very long if he 
did not pay some attention to that. 





Progress Report on Investigation of Effect 
of High Temperatures on Steel Sands 


FOREWORD 


The foreword to the first progress report of Foundry Sand 
Research Subcommittee 6b7, Reprint 39-34, entitled, ‘‘ Progress 
Report on Investigation of Effect of High Temperatures on Steel 
Sands,’’ outlined the steps which led to the organization of the sub- 
committee and gave the personnel. In the introduction to the report, 
D. L. Parker, General Electric Co., Everett, Mass., chairman of the 
subcommittee, stressed the practical value of the work being done 
at Cornell University, Ithaca, N. Y., under the direction of 
the subcommittee. 


APPOINTMENT OF J. R. Youna as A.F.A. FELLOw 


Since the issuance of this first report, considerable work has 


been done, although work was held up for a period of about 9 
months due to the resignation of Mr. York as A.F.A. Fellow at 
Cornell University to eter industry and the difficulty of securing 


someone to continue the work. On July 1, 1940, John R. Young, a 
graduate of Northeastern University in chemical engineering and 
formerly employed by Hunt-Spiller Mfg. Co., Boston, was appointed 
to continue high temperature investigation. 


PROGRAM AND First WorxK 


At the 1940 Chicago convention of A.F.A., a meeting of the 
subcommittee was held. At this meeting, a long range investigational 
program, involving the accumulation of not only practical but basic 
data on the behavior of steel foundry sands at elevated temperatures 
was adopted. The subcommittee designated that the first step in the 
program should be an investigation of the proper specimen size to 
be used in the investigations, since two types of specimens, the 2 x 
2-in. standard A.F.A. specimen and a 14% x 2-in. specimen, were 
being used, the former in the Cornell investigation and the latter 
by a manufacturer of apparatus for determining the high tem- 
perature properties of sand. Whether or not it was possible to 
correlate or to convert the information obtained on one specimen 


Notre: This paper was presented before a Sand Research session at the 45th An 
nual A.F.A. Convention, New York City, N. Y., May 18, 1941. 
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with or to that of the other was a question, since no information was 
available on whether or not this could be done. 


This work has been done at Cornell University by Mr. Young 
and is reported in this publication on pages 12 to 51. As a result 
of this work, at a meeting of Subcommittee 6b7, in New York on 
Feb. 19, 1941, a motion was passed unanimously to recommend to 
the Executive Committee of the Foundry Sand Research Committee 
that the 144 x 2-in. specimen be approved as tentative standard for 
the elevated temperature testing of foundry molding materials with 
the understanding that the motion did not exclude the use of other 


sand specimen sizes for that purpose. 


GRADUATE WorK ON SANDS AT CORNELL UNIVERSITY 


In addition of the work being conducted by Subcommittee 6b7, 
Cornell University, of its own volition, has assigned several graduate 
students to the study of high temperature sand properties. During 
the interval while search was being made for a man to take Mr 
York’s place, G. W. Ehrhart, at that time a graduate student at 
Cornell University, as part of his requirements for an advanced 
degree, designed apparatus and performed tests to determine the 
free expansion-contraction characteristics of foundry sand mixtures 
at elevated temperatures. Among the mixtures tested by Mr. 
Ehrhart were those reported on by Mr. York in the first progress 
report, which information was omitted from said report because 
apparatus available at that time was not satisfactory. These results 
are recorded in this publication as Progress Report No. 1—Part 2. 
The additional results and a description of the apparatus and its 
aceuracy, are also published in this pamphlet as ‘‘ Measurement of 
Free Expansion of Sand Mixtures at High Temperatures.’’ 


FINANCIAL STATUS AND ACKNOWLEDGMENTS 


As stated in the foreword of the first progress report, this in- 


vestigation of the elevated temperature properties of steel foundry 


sands has been financed by the Association with the assistance of 
some 65 steel foundries. Thus far, the Association has appropriated 
some $6000 for this work in addition to the $2730 contributed by 
the steel foundry industry. Of this $8730, $4750 has been expended 
for salaries of research fellows at Cornell University. The re- 
mainder of the money has been spent for necessary apparatus, 
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umittee travel and publication of reports. In addition Cornell 
niversity has continued to contribute equipment, fuel and diree- 
ial services from the experimental engineering department. 
ese contributions, especially the valuable services of Dr. H. Ries 
| Prof. A. C. Davis, are gratefully acknowledged by not only 

members of the Subcommittee 6b7 but by the American 
indrymen’s Association. 


NECESSITY FOR ADDITIONAL FUNDS 


The adoption of a long range program, which will eover a 
I 


period of at least 5 years, together with the belief of the members 


the subcommittee that the elevated temperature investigation 
will bring forth information which can be applied practically in all 
types of foundries, makes the continuation of these elevated tem 
perature sand investigations imperative. As this is a cooperative 
projeet, the Association soon will solicit funds for the continuation 


the project 
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INTRODUCTION 
By D. L. ParKer*, GENERAL ELEcTRIC COMPANY, 


Lynn, Mass. 


In the Spring of 1939 the first progress report on ‘‘ Physical 
Properties of Foundry Sands at Elevated Temperatures’’ was pre- 
sented at the 43rd Annual Convention. The summary of results 
and conclusions on page 26 of that report indicated to the com- 
mittee that we had only ‘‘scratched the surface’’ in securing con- 
crete and applicable data on high temperature properties. However, 
one outstanding accomplishment resulted ; namely, the development 
of equipment and the technique necessary to consistently produce 
check results. This resulted in formulating a basic research pro- 
gram giving our colleagues at Cornell University ‘‘free rein”’ in 
conducting the work with the privilege of making special searches 
on any results or observations that they felt warranted the obtain- 
ing of information pertinent to the project. 


From this set-up has come two pieces of work that will be 
presented at the forthcoming 45th Annual Convention: 


1. Progress Report on Investigation of Effect of High 
Temperatures on Steel Sands, No. 2—Comparison of Specimen 
Sizes, by J. R. Young, Cornell University, Ithaca, N. Y. 


2. Measurement of Free Expansion of Sand Mictures at 
ITigh Temperature, by G. W. Ehrhart, Cornell University, 


Ithaca, N. Y. 


In addition the committee has approved, as a tentative stand- 
ard, the 144-in. x 2-in. specimen with the proviso that the use of 
other size specimens is not excluded, also that in future work all 
tests be conducted under single variable conditions. 


As indicated, the sub-committee’s work has been going on since 
June of 1939 during which period two research fellows have been 
employed, apparatus purchased and developed. 


This cooperative research work, sponsored by the A.F.A., has 
required funds to take care of financial requirements and has been 
financed to the extent of $6,000 by A.F.A., also $2,730 contributed 
by 65 steel foundries, the latter fund now being exhausted. Of 


*Chairman, Sub-Committee 6h7. Physical Properties of Steel Foundry Sands at 
Elevated Temperature, A.F.A. Committee on Foundry Sand Research. 
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is $8730, $4750 has been expended for salaries of research fellows 
at Cornell University. The remainder of the money has been spent 
for necessary apparatus, committee travel and publication of 


( ports. 


In order to carry on this research it will entail the expenditure 
by the Association of a minimum of $2,000 per year and if $5,000 
to $6,000 can be raised, we will be able to carry on for possibly 
5 years longer, which time, we believe, should be sufficient to 
complete this research. If the work is to be continued it should 
have the backing of the entire Steel Foundry Industry as it is 
being devoted almost exclusively to steel foundry sands. The work 
that has been done by this committee, through numerous investiga- 
tions and research projects, has been of practical value and it is 
well worth continuing. 


Again I wish to extend my sincere thanks to the personnel 


of Sub-committee 6b7, also to Professor A. C. Davis and Dr. H. 
Ries for the time and effort they have put forward in expediting 
this work. 








EFFECT OF HIGH TEMPERATURES ON STEEL SAnps 


No. | — Part 2 — Expansion- 
Contraction Tests 


G. W. Euruartt, Irmaca, N. Y. 


In Part 1 of this report, presented by H. L. York* at the 1939 
A.F.A. Convention, a discussion was given of the behavior of a 
number of synthetic sands which were heated to successively higher 
temperatures, special attention being given to hot strength. No free 
expansion tests were included. In this regard, the following state- 
ment was made: 


‘The results of expansion-contraction tests are not in- 
cluded in this report, for the reason that methods heretofore 
commonly used, proved to be unsatisfactory at high temper- 


atures. New apparatus has been constructed and tests are now 
being made.’’ 


With the development of apparatus for the determination of 
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+ Instructor, Experimental Engineering, Cornell University. : 
* York, H. L., “Report of Progress of Sand Research on Steel Sand Mixtures at 


Elevated Temperatures,” Transactions, American Foundrymen's Association, vol. 47, 
Pp. 809-880 (1939). 
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expansion-contraction properties of sand mixtures as recorded in 
the paper, ‘‘ Measurement of Free Expansion of Sand Miztures ai 
High Temperatures,’’ by the present author and which is included 
in this publication beginning on page 52, the work, omitted from 
the first part of progress report No. 1, could be performed. 
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Progress Report on Investigation of Effect 
of High Temperatures on Steel Sands 


No. 2 — Comparison of Specimen Sizes 
By J. R. Youne,* Irmaca, N. Y. 


1. In view of the fact that several laboratories engaged in 
the study of the properties of foundry sands at elevated tempera- 
tures have been using 114@>X2-in. test pieces and others 2X2-in. 
specimens, and also because no information could be obtained con- 
cerning the relative behavior of the two specimen sizes, Sub- 
committee 6b7 on Physical Properties of Steel Foundry Sands at 
Elevated Temperatures of the A.F.A. Foundry Sand Research 
Committee decided, at the meeting of May 8, 1940, that compara- 
tive tests of test pieces (1) 1%4-in. diameter and 2-in. long and 
(2) 2-in. diameter and 2-in. long should be undertaken. The Sub- 
committee directed that the work was to include a series of parallel 
tests on the two sizes, and any additional tests that might be neces- 
sary. The Subcommittee suggested the types of sands (natural and 
synthetic) to be employed, as well as the kinds of comparative 
tests to be made. 


SANDS SELECTED 


2. The Subcommittee designated the following sand types for 
testing: (a) a medium and (b) a fine grain naturally-bonded sand; 
(ec) a naturally-bonded steel sand; (d) a coarse, (e) a medium, 
and (f) a fine-grained silica sand, each to be bonded respectively 
with 4 per cent bentonite and 10 per cent fire clay. Table 1 gives 
a list of the sands selected for use, and their properties. 


3. The samples of sand and clay used in this investigation 
were supplied by the following companies: Whitehead Brothers 
Co., New York; Ottawa Silica Co., Ottawa, Ill.; Hougland & Hardy, 
Ine., Evansville, Ind.; American Colloid Co., Chicago, Tll.; and 
Eastern Clay Products, Inc., Eifort, Ohio. 


*American Foundrymen's Association Research Fellow, Cornell University. 
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- TESTS SPECIFIED 


4. The Subcommittee directed that each sand be tested for 
1) green permeability, (2) green compression, (3) green deforma- 
on, (4) dry permeability, (5) dry compression, and (6) hot 
strength and (7) expansion under both slow and rapid heating 


5. For the tests specified by the Subcommittee, each sand, 
naturally-bonded or synthetic, was tested at three different mois- 
ture contents, the range of water percentages depending on the 
character of the particular sand. It was attempted to arrive at 
working conditions of wet, medium and dry sand. 


6. Two additional room temperature tests were made to sup 
plement those recommended by the Subcommittee. Two-inch di 
ameter specimens having a length of 3.555-in. (length to diameter 
ratio of 2:144) were compared with 114 X2-in. specimens, and 
2 2-in. specimens were compared with 1144 2-in. specimens of the 


same green apparent density. Tests also were made on actual 


foundry sand mixtures, whenever those sands were made available, 


to include practical mixtures in the comparisons. 


Table 1 


SCREEN ANALYSES OF SANDS USseEb* 


Sand Screen 
Analyses ] N-2 N-8 
On 6 : in oF 
12 a 0.2 
20 : 0.4 
30 ; ‘ 0.6 
40 1.8 ss sa 
50 4.2 4.0 l'race 
70 15.4 33.0 21.0 
100 19.8 44.0 45.0 
140 15.0 os 14.0 23.0 
200 i 8.8 i 3.0 7.0 
270 0.8 , 5.6 es ee 
Pan 1.2 10.0 2.0 4.0 
Clay 23.0 18.2 ae ig oi 
A.F.A, Fine- 
ness No. 131 61 113 50.4 
*Sieve analyses are those supplied by the sand producers. 
N — Naturally Bonded Sands. 
B= Silica sands containing no clay. 
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7. When it was realized that it wopld not be necessary to 
complete hot strength and expansion tests on all recommended 
mixtures, the original program was altered to include a series of 
heat-exposure tests, and hot strength tests of a few representative 
mixtures. 


PREPARATION OF SPECIMENS 


Method of Mixing 

8. Mixtures were made in a 24-in. diameter pan, muller-type 
mixer. Sixteen pounds of a sand were weighed into the mixer and 
mulled dry for 3 min. Naturally-bonded sands were not dried, but 
were mulled for the 3 min. in the condition in which they came 
from the producer. The required amount of water was then added 
uniformly from a burette. The moistened sand was mulled for a 
5-min. period, put through a 14-in. riddle, and stored in glass jars 
for 24 hours. Mixtures were re-riddled immediately before testing. 





Fic. 1—RAMMER FOR 1% X 2-IN. SPECIMENS, BasED ON THE DieTerT BLUEPRINTS. AT THE 

RicHT, tN Postrion FoR RECEIVING SAND, Is SHOWN THE SPECIMEN TUBE, PEDESTAL AND 

Prin. THe Prin Is REMOVED AFTER SAND Has BEEN PLACED IN THE TUBE, AND THE TUBE 
Ser in Posrrion UNDER THE RAMMER HEap. 


Wb made Beside 
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RAMMER FOR 2 < 8.555-IN. SPECIMENS, WITH SPECIMEN TUBE aT LEFT, PEDESTAL IN 


Fic. 2 
PosiTIOoN ON Base oF RAMMER, AND StrRippinc Post at Ruicurt. 


9. In the synthetic mixtures, either bentonite or fire clay was 
thoroughly mixed with the silica sand by hand before mulling. 


This was done to minimize loss of fine clays through seams in the 


machine, and to prevent balling. 


Ramming 

10. In the tests for which results are shown in Table 2, speci- 
mens were prepared as follows: 22-in, specimens were rammed 
in the standard manner by dropping the 14-lb. weight three times 


through a distance of 2-in. The 144>2-in. specimens were rammed 


by a special rammer built from blue prints supplied by H. W. 
Dietert (Fig. 1). A 7-lb. weight is dropped three times through a 
distance of 2.625-in. to make a 1144 2-in. test piece. The 14-in 
specimens were, in a measure, ‘‘double-end’’* rammed. 


*“Double-end” ramming, as referred to in this report, means the ramming of a 
specimen when the specimen tube is raised enough above the flange of the pedestal 
so that during the ramming the tube does not come in contact with the flange. 
“Single-end” ramming applies to the ramming of a specimen when the specimen tube 
is in contact with the flange of the pedestal and the tube is not free to move. 
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EFFECT OF HIGH TEMPERATURES ON STEEL SANDS 


11. For making 2>3.555-in. specimens (Table 8), a special 
rammer was used. The back post of a regular 22-in. rammer was 
eut off just above the base and a section spliced in to increase the 
distance between the rammer head and base (Fig. 2). The size of the 
weight and the distance between the stops were not changed, but 
the number of drops of the weight depended on the green apparent 


density desired. 


12. Ten specimens of both the sizes specified by the Sub- 
committee (2><2-in. and 1442-in.) were prepared and saved for 
high temperature tests. These test specimens were dried in the 
same manner as were those for dry compression, and stored over 


ealeium chloride in a large desiccator. 


Metruops or TESTING 
Moisture. 

13. Moisture determinations were made w.th a ‘‘moisture 
teller.’ Each percentage moisture in the tables is an average of 
the results of at least two tests the sample in every case being dried 
to constant weight. 


Green Compre ssion 

14. All 22-in. and 1144>2-in. specimens were tested for 
green compression in a Dietert sand strength machine. Compres- 
sion heads adapted to 144-in. diameter spee-mens are shown in 


Fig. 3. The 23.555-in. specimens were tested by apparatus im- 


“+ © 


4 


1c. 8—From Lert to Richt, Are Two Compression Heaps Aparrep To TaKE 1% X 2-IN. 
SPRCIMENS FoR TESTING IN THE DieTerr CoMpRESSION MACHINE, A PERMEABILITY TUBE FOR 
1% X2-IN. SPECIMENS, AND A STANDARD TUBE FOR 2X 2-IN. SPECIMENS. 
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provised from a rammer assembly. In this method, a gradually 
inereasing foree was directed vertically downward through the 
rammer rod onto the specimen which was held between the ram- 


ming head and pedestal. 


Dry Compression 

15. Dry compression specimens were placed in a cold oven 
and brought up to a temperature of 220°s". at the rate of 2.5°F. per 
minute. A temperature of 220°F. was maintained for an additional 
2 hours. Baked specimens were cooled to room temperature in a 
desiccator and broken immediately in the Dietert strength machine. 


Green Permeability 


16. Permeabilities were determined by use of equipment rec- 
ommended as standard by the A.F.A. Special permeability tubes 
for 144x2-in. specimens were made to eliminate the necessity for 
modification of existing permeability apparatus (Fig. 3). Perme- 
ability numbers were calculated from the formula given on page 39 
of ‘* Testing and Grading Foundry Sands and Clays,’’ 4th Edition. 


vxXh 


P ———- 
pxaxt 





Substituting fixed quantities, the formula reads: 


501.2 


grams pressure X minutes; 





P = -for 2 2-in. specimens, 


1580 . i , 
——_—________—— for 1144 2-in. specimens, 


rams pressure < minutes; 


v 
> 


892 ae 
—— for 2x 3.900-in. specimens. 
grams pressure X minutes; 





and P 


Dry Permeability 

17. Specimens used for dry permeability determinations were 
left in the tubes and put into a cold oven. The oven temperature 
was raised to 220°F. at the rate of 2.5°F. per minute, and held at 
220°F. for an additional 2 hours. Specimens were tested at room 
temperature after having been cooled in a desiccator. 


Deformation 


18. Deformation during compression was read by means of 
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Fic. 4—SHowtnc How Ames Drat 1s ATTACHED TO THE DreTeRT COMPRESSION MACHINE 
TO INDICATE DEFORMATION DuRING GREEN COMPRESSION. THE DiaL Can BE SWUNG UP TO 
BE Usep IN CONJUNCTION WITH THE Dry Compression HEaps, 


an Ames dial attached to the pusher arm of the compression testing 
machine. The stem of the dial rested against the stud of the com- 
pression head on the pendulum weight. (Fig. 4) 


Green Apparent Density 


19. Green apparent densities were calculated by dividing the 
weight (grams) of the sand used in making a specimen by the 
final volume (cubic centimeters) occupied by the test piece. Since 
each size specimen has constant dimensions, the values for volume 
remain the same. If it should be desired to arrive at one certain 
green apparent density, it is necessary only to calculate the weight 
of sand needed and ram it up to the required height. 


Heat Exposure 


20. Specimens were subjected to heat shock at 1800°F. and 
examined through windows in the furnace for visible cracks, after 
30 min. exposure to that temperature. Observations were made: 
(1) while the specimens were in the furnace, (2) immediately after 
removing them from the furnace, and (3) during the period of 
eooling to room temperature. 
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Hot Strength 






21. Hot strength tests were carried out with apparatus de- 
signed and built at Cornell University by H. L. York.* Compres- 






sion strengths were determined after both slow and shock heating 
















Table 3 





Ratios or Test RESULTs on 11442-1N. TO 22-IN. SPECIMENS FOR 


Racu SAND AND Eacu Moisture CONTENT, CALCULATED FROM DATA 






IN TABLE 2 







(Included to show clearly and simply the specimen magnitude of the 
difference in results obtained from the two sizes.) 















Per Cent Green Green Green Dry Dry Dry Appar 
VYois Permea- Com- Deforma- Permea- Com Deforma- ent 
Sand ture bility pression tion bility pression tion Density 











(6.10 0.638 1.550 0.577 1.130 0.436 1.090 
1.440 0.753 1.099 
1.510 0.607 1,108 











0.747 


0.802 





480 















1.078 
1.076 


220 


0.629 





0.767 














1.128 0.796 


1.195 





0.693 





0.591 








0.862 
1.042 


-880 










-216 





0.645 










0.747 





0.608 


(1.43 














B-1 | ope ; 

‘ 1.95 0.838 1.020 0.419 0.820 1.044 
(h% Bentonite) | 

2.58 0.793 0.928 0.430 0.807 1.045 
2.32 0.796 1.150 0.647 0.802 1,087 
B-1 i — p = wns - 
(10% Baap) 4 bt 0.765 1.015 0.565 0.788 1.087 
5.04 0.788 1,485 0.783 a 1.047 





1.65 92 ° 0.595 








B 2 9 2 ( 94 ) R99 9 
(L% Bentonite) ) 2.13 ),823 1.196 0.622 0.823 1.048 | 
2.78 0.823 1.040 0.615 0.818 1.043 
2.11 0.871 1.290 0.837 0.838 1.270 0.6438 1.043 
B-2 f’ was " ave —_ 5 ® 
(10% Fireclay) ear 0.753 1.197 0.572 0.773 1.145 0.530 1.041 
4.84 0.774 1.089 0.732 0.753 1.096 0.604 1,050 
1.65 0.762 1,180 0.535 0.766 1.048 
B-3 > y 9 
. 2. ).790 14 5 .798 .209 -92 .048 
(A% Bentonite) ) 01 0.79 1.143 0.558 0.79 l 0.926 1.04 
2.85 0.772 0.996 0.478 0.768 ais ies 1.038 
‘se 0.780 1.181 0.618 0.834 1.166 0.527 1,040 
B-3 y 7° 7 P 
; 3. . 072 5 J 08 63 e 
(10% Fireclay) 8.62 0.794 1.07 0.567 0.809 1.028 0.639 1.047 
5.52 0.783 OST 23 aumes 0.825 1,117 0.448 1.050 










* Progress Report on Investigation of Effects of High Temperatures on Steel 
Sands, TRANSACTIONS, American Foundrymen’s Association, vol. 47, p. 805 (1939). 
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22. For shock heat tests, the specimens were introduced int 
the furnace when the furnace had reached a temperature of 1800°F 
The test pieces were loaded at the end of a 30-min. period at that 
temperature. 


23. Slow heat tests were made by inserting the specimen in 


the cold furnace and raising the furnace temperature uniformly 


at a rate not exceeding 3°C. per min. Specimens were broken when 
the temperature reached 1800°F. 


DISCUSSION OF RESULTS 
Room Temperature Tests 


24. It is obvious from a study of the data given in Tables 
2, 3, 4, 5 and 6 that the room temperature results obtained from 


1144 2-in. specimens are not in agreement with those derived from 


Table 4 


Itoom TEMPERATURE TESTs MADE ON THREE F'Actna SANDs IN Use 
IN A PropucTION FouNDRY. 


(freen 
8.4, 
Green 


p. 
‘ompession, 


Apparent 
Dens ty, 
gi. per cc. 

Green 
Permea- 
baity 
Deformation, 
in, per in, 
Dru 
p.8.i 
Dry 
Deformation, 
in. per in. 


, 


1.660 
1.749 


~] 


0.0177 0.0085 
0.0117 41.4 0.0072 


rs 
~) 
or) 


= bo Compression, 


o-] 
S 
— CT 
DD 
ol 


1.650 
1.764 


fon 
io 
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0.0183 64.08 0.0090 
7.54 0.0118 64.5 0.0970 


- OO 
~~ 


or =] 


1.660 33.8 7.03 0.0248 87.5 0.0115 
1.780 20.25 8.32 0.0145 103.4 0.0090 


Table 5 
Ratios oF 1442-IN. TO 22-IN. SPECIMEN RESULTS, CALCULATED 
FROM Data IN TABLE 4. 


Apnarent Green Green Green Dry Dry 
Density Permeability Compression Deformation Compression Deformation 
gm. per cc, p.s.i, in. per in. p.s.i. in. per in. 


1.053 0.710 1.028 0.661 0.974 0.847 
0.659 : 0.645 1.007 0.778 
0.599 0.585 1.182 0.783 
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Table 6 


CoMPARATIVE FIGURES EXTRACTED FROM A LETTER OF APRIL 15, 
1940, From H. W. Dietert To Dr. H. Ries or CorNELL UNIVERSITY 


(These figures represent the only additional data on the comparison of 
the two sizes of specimens available at the time of this writing.) 


Specimen Green Defor- Dry 
Size, Compression, mation, Compression, 
in. p.8.t. in. per in. p.8.t. 


( 2x2 23.00 0.018 95.00 


fey ber Grove Ss js 
Mulberry Grove Sand )1%x2 28.80 0.020 116.00 


( 2x2 11.50 0.018 56.00 


No. 0 Albany Sand )1%4x2 13.50 0.020 69.00 


( 2x2 8.70 0.010 40.00 


Bentonite, Std. Sand) 1 14%9 815 0.017 91.14 


{ 2x2 14.90 0.023 148.00 


No. 4 Wing Sand 1% x2 16.00 0.025 157.00 


standard 22-in. test pieces. The difference in results is caused 


by both the difference in the shapes of the two sizes and the manner 
in which they are rammed. 


25. Graphical representations of the results presented in 
Table 2 are ineluded to give a visual picture of the extent and 
manner of variation of results obtained by the two sizes of speci- 
mens. (Figs. 5 to 21 inclusive) 


26. The energy delivered to the specimens, neglecting items 
such as friction in rammer parts, may be approximated as follows: 


Let w — weight of the cast iron weight (lb.) 
= total weight of moving parts (Ib.) 
= distance through which cast iron weight falls (in.) 
= decrease in length of the sand column in the speci- 
men container (in.) 
n ==number of times weight ‘‘w’’ falls 
v = final volume of specimen (in.*) 
ky = energy delivered to specimen (in.-lb./in.*) 
(wX dX n) + (W X D) 


ck . . 
[= 


V 
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For 22-in,. specimen, 
(14 X 2 X 8) + (17.5 Xx 0.75") 


. 15.5 in.-lb./in.8 
6.28 





‘or 144 X2-in. specimen, 


7 2.625 * 3) + (9 X 0.75*) r 
(7 X 72s ay _ it a T in.-lb./in.® 





27. Partially balancing the effect of delivered energy is the 
difference in frictional effect due to the difference between the two 
sizes of specimens as regards their ratios of contact surface area 
to volume. 


Ratio—22-in. specimen 


2" da 
a+ 

2 
Ratio—1lg <2-in. specimen 


» 


n > 1.125 ’ 
3.59 


sf 
\ 


2 r ad . 
Se fai? Dw we ¢1195\2 
2 (5) 2x X (=) 


28. Stated in another way, the 144X2-in. specimen has 79.5 
per cent greater surface area in contact with the tube, per unit 
volume, than has the 2X2-in. specimen. A greater amount of 
energy per unit volume of sand is dissipated in overcoming fric- 
tion in the 114-in. diameter tube than in the 2-in. diameter tube. 
Although it is realized that there is a movement of sand grains 
diametrically as well as vertically and that sand-grain contact 
is made with both rammer head and pedestal, this effect did not 
enter into the above computations. 


29. Another point to consider is the difference in the type 
of ramming. The 1144 X2-in. specimen is rammed in a floating tube, 
but the 22-in. specimen tube rests on a solid base. It has been 
found that less energy is required to compact a given weight of 
sand into a 2-in. long specimen by double-end than by single-end 
ramming. Thus, if test pieces are prepared by introducing just 
enough sand into the specimen container to yield a 2-in. long speci- 


* Assumed to be average. 
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men after the rammer weight has been dropped three times, they 
the double-end rammed specimen will require more sand and wil 
have a greater green apparent density than a single-end rammed 
specimen of the same diameter. 


30. The difference in the ramming of the two sizes of speci- 
mens is shown most markedly in their green apparent densities 
It is evident (Tables 2 and 4) that the double-end rammed 1142. 
in. specimens have consistently greater green apparent densities 
than the corresponding single-end rammed 2X2-in. specimens 





31. Table 7 shows the results of room temperature tests made 
on 144X2-in. and 22-in. specimens of equal green apparent 
density. Some interesting deductions may be drawn from these 
results. The 144 X2-in. and 22-in. specimens hardly are com- 
parable, which is to be expected, even though the average green 
apparent densities are made equal. Results of tests on single and 
double-end rammed 114 X2-in. specimens, of the same apparent 
densities, do not agree very closely. Ilowever, single and double- 
end rammed 22-in. specimens show very similar results when 
rammed to the same apparent densities. 


32. Table 8 gives results comparing room temperature prop- 
erties of 144x2-in. and 23.555-in. specimens. Again in these 
tests, the similarity in results of single and double-end rammed 


Table 7 


Room TEMPERATURE TESTs ON A N-2 SAND CompariIne 144 X2-1N. 
AND 22-1n. SPECIMENS RAMMED TO THE SAME GREEN APPARENT 
DENSITIES. 

(The moisture content of the sand was constant at 6.86 per cent. The 
apparent density figures of 1.689 and 1.817 are those obtained for 


2X2-in. and 1% X2-in. specimens respectively when the 
specimens are rammed by the regular methods.) 


Specimen Method Annarent Green Green Green. 
Size, of Dens tu, Permea- Compression, Def ormution, 
in, Ramming gm, per ce, bility p.s.i. in. per in, 
2x2 Std. A.F.A. 1.689 47.70 12.65 0.0205 
1%x2 Single-end 1.689 41.40 9.65 0.0130 
1%x2 Double-end 1.689 50.00 10.35 0.0130 
1%x2 Double-end 1.817 24.50 17.02 0.1035 
2x2 Single-end 1.817 18.70 30.93 0.0180 


2x2 Double-end 1.817 18.95 31.08 0.0150 
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Table 8 


|'wo-IN. DIAMETER SPECIMENS, HAVING THE SAME Ratio or LENGTH 

ro DIAMETER AS 14X2-1N. COMPARED wiTH 1144 2-IN. SPECIMENS 
oF EquaL APPARENT DENSITY. 

Spec imen Uethod Green Green Apparent 


Per Cent Siz of Permea- Compression, Dens ty, 
Moisture in. Ramming bility p.8.i. gm, per ce, 


ji x2 Dol.-end 19.0 18.86 1.810 
6.02 2x3.555 Sgl.-end 25.1 16.67 1.810 
2x3.555 Dbl.-end 22.0 16.3 


_ 
oo 
~ 
oS 


‘ 
- 


B-1 (1x2 Dbl.-end 12% 9. 
(10% 2x3. Sgl.-end 13 
Fireclay) 3.555 Dbl.-end 13 


— et 
444 


bo bo bo 
aoc 


B-1 : Dbl.-end 214 
4% : 2x3.5 Sgl.-end 240 
Bentonite) { 2x3.555 Dbl.-end 240 


alll alll el 
aoc 
wowoe 
auc 


2-in, diameter spec-mens is an indication of the uniformity of ram- 
ming of the 2-in. diameter specimens. The results of these tests 
on specimens with like length: diameter ratios only confirms the 
findings of other investigators who have shown that a change in 
length of a specimen of given diameter has considerable effect on 
its compression strength. 


High Temperature Tests 

33. The results of tests made on both size test pieces at room 
temperature have been discussed. It now remains to present resu:ts 
obtained at high temperatures. 


34. Use of the 14¢X2-in. size specimens for high temperature 
testing arose from the difficulty exper.enced by early investigators 


in obtaining large diameter refractory tubes suitable for use as 


heating elements in high temperature electric furnaces. The selec- 
tion of 114-in. diameter specimens thus was arbitrarily made as 
being convenient for use in available tubes. Previous research has 
indicated that the shape of specimens with a length to diameter 
ratio of 2:11-in. is satisfactory for room temperature tests.* Ram- 
ning apparatus for making 1144 >%2-in. test pieces was developed 
with the idea in mind that the small specimen should yield very 
nearly the same room temperature properties as the standard 
A.F.A. test piece. 


* Adams, T. C. unpublished manuscript. Buchanan, W. Y., Founpry Trape JOURNAL, 
Apr. 21, 1938, p. 329. 
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30. The effects of subjecting specimens to heat shock at 
1800°F.. are shown in Table 9. This method of comparing the reac. 
tions of the two sizes of specimens to heat shock was chosen jn 
preference to strength tests because it was felt that a comparison 
of strengths of cracked specimens would be meaningless. The tem- 
perature of 1800°F. was selected because it is below the plastic 
range of nearly all the sands tested. The tests were made at only 
one temperature because, for purposes of comparison, this was 
thought to be sufficient. In no case did 2><2-in. specimens stand up 
better than 144 %2-in. specimens, although in one instance the 
degree of cracking was about equal. 

36. The mixtures of silica sand and bentonite invariably dis- 
integrated on cooling to room temperature (Fig. 22). The silica 
sand-fireclay mixtures all were very fragile after cooling to room 
temperature. The naturally-bonded sands had considerable re- 
tained strength after cooling, but those to which bentonite had 
been added did not disintegrate on cooling to room temperature 
although they became quite fragile. 


37. The specimens shown in Fig. 23 are representative of the 
manner in which 144 X2-in. specimens cracked under shock heat 
conditions. Several 1144%2-in. specimens developed one or more 
vertical cracks extending from top to bottom and _ penetrating 
nearly to the center of the test piece. 


38. Figure 24 pictures the extent of cracking of a 2>2-in. 
specimen made from one of the more shock sensitive mixtures. 
The separation of an outer shell, shown in the illustration, is quite 
typical for 22-in. specimens sensitive to heat shock. 





Fic. 22—THe MANNER IN WHICH A BENTONITE-BonpeD Sriica SAaNp DISINTEGRATES ON 

Bering CooLep to Room TEMPERATURE AFTER ErrHER SLow orn SHocK HeEaTInc. THIS 

PARTICULAR PHOTOGRAPH WaS TAKEN OF A SAND THaT Hap BEEN HeEatep to 2200°F., BUT 
THE SPECIMENS HEATED To 1800°F,. EXHIBITED THE SAME BEHAVIOR. 
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Table 9 


OBSERVATIONS OF THE BEHAVIOR OF SAND SPECIMENS WHEN 
SUBJECTED TO SHocK HEATING For 14 Hour at 1800°F. 


Specime Appearance Appearance 
Per Cent Size, of Specimen of Specimen 
Material Moisture in. after Heating after Cooling 
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19.10 sales 
firm 

.63 ew 
firm 
firm 
firm 
firm 
firm 


— 


OS 


firm 
firm 
firm 
firm 
firm 
firm 


2 
4 
l 
4 


disintegrated 
disintegrated 
disintegrated 
disintegrated 
disintegrated 
disintegrated 


B-1 
(4% Bentonite) 


nc bo or 


wo 


al 


LY 


fragile 
fragile 
B-1 }3. ng eer 
(10% Fireclay) | j fragile 
15.04 sn 
fragile 
.65 Hees 
disintegrated 
B-2 J 2.13 eer 
(4% Bentonite) | lisintegrated 
| 2.78 ii 
l disintegrated 
2.11 iia 
fragile 
B-2 ee rer 
(10% Fireclay) fragile 
4.84 — 
fragile 
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Table 9 (Cont’d) 





Specimen * Appearance Appearance 
Per Cent Size, of Specimen of Specimen 
Materia! Moisture in. after Heating after Cooling 
1.65 2x2 i pais 
14%x2 4 disintegrated 
B-3 J 2.01 2x2 is oe 
(4% Bentonite) 14%x2 4 disintegrated 
2.85 2x2 ia ie 
4 14%x2 4 disintegrated 
2.38 2x2 rabies 
14%x2 3 fragile 
B-3 } 3.62 2x2 ks aie 
(10% Fireclay) 14%x2 3 fragile 
5.52 2x2 ~ Gistese 
L 14%x2 2 fragile 
r oy 
+H (5.9 2x2 ] firm 
( 14%x2 ] firm 
— {6.08 2x2 2 firm 
( 14%x2 0 firm 
#*G (5.9 2x2 4 fragile 
? 14%x2 2 fragile 
+H °° 2x2 2 fragile 
14%x2 0 fragile 
9v9 ile 
+] im 2x2 4 fragile 
14%x2 2 fragile 
*ey -* 2x2 4 fragile 
1%x8 2 fragile 


*For convenience in presenting evidence of the condition of specimens after 
heating (and before cooling), numbers are used to represent the degree of cracking 
as follows: 





not run 
no visible cracks 
perceptible cracks 
fine cracks 
noticeably open cracks 
wide cracks 
very had cracks 
** Sands obtained from commercial foundries and representing gray-iron sands 
which are being used successfully. 


of Oh = 





Fic, 283—1%X2-IN. SPECIMENS AFTER Havinc BEEN SUBJECTED To SHOCK HEATING AT 

1800°F,. THE SPECIMEN ON THE LEFT Was TESTED as A DRIED SPECIMEN AND THE SPECIMEN 

ON THE RIGHT was TesTED GreEN. THE PHOTOGRAPH Was TAKEN AFTER THE SPECIMENS 
Hap Coo_ep To Room ‘TEMPERATURE. (SAND “G’’) 
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SPECIMEN (Sanpb “I"") Wuicnh Hap Bren Sussecrep fro SHocK 
MEATING aT lsvU’F. 


Table 10 


RELATIVE BEHAVIORS OF 14¢X2-IN. GREEN AND Dry AND 2X2-IN, 
GREEN AND Dry SPECIMENS WHEN SUBJECTED TO ONE-HALF Hour 
Suock Heatine at 1800°F. 

*Appearance of Condition of 
PerCent Specimen Specimen Specimen 
Material Moisture Size, in. after Heating after Cooling 
{green 3 firm 
)dry ‘ firm 
{green firm 
)dry firm 
{green f fragile 
)dry fragile 
{green , fragile 
)dry y fragile 
(green 2 fragile 
)dry fragile 
{green fragile 
)dry fragile 


+ 


\ green 
)dry 
\ green 
)dry 
\ green 
)dry 
\ green 
)dry 


fragile 
fragile 
fragile 
fragile 


wo > 


to 


fragile 
fragile 
fragile 
fragile 


mm CO 


nh pr 


2 footnote in Table 9, p. 46. 
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3Y 


Since it has been advocated that the green and not the 
dried specimens (of green sand molding sands) should be tested, 
both green and dried specimens were tested to determine, if pos. 
sible, whether there is a difference in their behavior. From the 
data in Table 10, it would appear that green specimens are some- 
what more sensitive to shock heating than dried specimens. 


10. As was to be expected, the 144>2-in. specimens gave 
higher hot strength results, after slow heating, than did corre- 
sponding 2>2-in. specimens (Table 11). This will probably be 
the case at all temperatures below the plastic zone. Since the hot 
strengths of specimens affected by heat shock gre a function of 
cracks, comparison of 1144 2-in. and 22-in. specimens under that 
condition would be of little value. 


SUMMARY OF RESULTS AND CONCLUSIONS 
$1. A summary of the results of this test work and the con- 
clusions that may be drawn from the data acquired, are as follows: 
Room Temperature Comparisons 


1. The room temperature properties obtained with 


2<2-in. specimens rammed by the standard A.F.A. method 


Table 11 


CoMPARISON oF Hor STRENGTHS OF DRIED SPECIMENS AFTER BoTH 
SLow AND SuHock Heatine at 1800°F. 


Degree of 
Cracking Hot 
PerCent Specimen Manner of from Strength. 
Material Moisture Size,in. Heating Heating p.8.1. 
1%x2 {shock 2 612 
N-3 4.72 | slow 0* 663 
2x9 { shock 3 316 
~~) slow 0 378 
( 1%x2 {shock 3 240 
B-2 1.65 | slow 0 581 
(4% Bentonite) ql ox? oo 3 284 
slow 0 492 


* Appearance of fractures after test indicated the possible presence of minute 
cracks. For interpretation of degree of cracking, see footnote under Table 9. 
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are considerably different from those obtained for correspond- 
ing 14 X2-in. specimens rammed with the Dietert rammer. 
(a) 114 X2-in. specimens have consistently greater 
green apparent densities than the 22-in. specimens. 
(b) 2>2-in. specimens yield considerably higher 
permeability numbers than do the 144 X2-in. specimens. 





(c) 14 X2-in. specimens show higher green and dry 
strengths than the 22-in. specimens. 

(d) 2>2-in. specimens give higher deformation val- 
ues than the 1144X2-in. specimens. 


2. The extent to which the results of 2X2-in. and 
1144 2-in. specimens differ depends a great deal on the sand 
being tested. For some sands, 2X2-in. and 144 %2-in. speci- 
mens give almost identical data, whereas for other mixtures 
the results obtained with 144X2-in. specimens are not at all 
comparable to those gifen by 2>2-in. specimens. The extent 
of the difference in results also is affected considerably by a 
change in moisture content of any particular sand. 


3. There is apparently no formula for converting results 
obtained from 1144 X2-in. specimens into figures which would 


hold true for corresponding 2 2-in. specimens. 
g 


4. It has not been found possible to bring 144 X2-in. and 
2>2-in. specimen results into agreement by changing either 
the amount of energy imparted to the specimen or the length : 
diameter ratio of the 22-in. specimen. 


dD. If 1¥xX2-in. specimens are made of equal green 
apparent density to corresponding 2 2-in. specimens, or vice 
versa, the results given by the two sizes of specimens do not 
agree. 


6. It is suggested that the results given by a 14 X2-in. 
specimen might be made to resemble more closely those given 
by 22-in. specimens by changing certain conditions of ram- 
ming. However, it is not probable that the two sizes of speci- 
mens can be made, by any method of drop-ramming, to agree 
in all room temperature test properties. 


7. Evidence points to the fact that 2-in. diameter speci- 
mens ram more uniformly by the ordinary drop-weight method 
than do 11%-in. diameter specimens. 
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High Temperature Comparisons 


8. Comparing 2>2-in. specimens rammed by the stand- 


ard A.F.A. method with 1144X2-in. specimens of the same sand 
rammed with the Dietert rammer, we find the following to 
be true: Bs 

(a) 14>x2-in. specimens give higher true hot 
strengths than 2>2-in. specimens. 

(b) There is substantially no difference in the 
amount of free expansion shown by the two sizes of speci- 
mens, provided there is no evidence of cracks in either 
specimen.* 4 


9. The 14X2-in. specimens may be heated at a more 
rapid rate without cracking than 22-in. specimens. Likewise, 
dried sand specimens crack less on shock heating than green 
sand specimens. 


10. It is necessary to heat specimens of any size at a 
slow enough rate to insure absence of cracks if true hot- 
strengths are desired, even though it is possible to closely 
duplicate results obtained from slightly cracked specimens. 
The same would hold true for expansion tests. 





11. The safe heating rate depends on the character of 
each particular sand mixture. Some sands crack when their 
temperature rises as slowly as 3°C. per minute, while others 
withstand sudden exposure to temperatures approaching their 


fusion points. 


General 

12. On careful thought it would appear that 144X2-in 
specimens possess the more desirable dimensional ratio for test 
purposes. Although the standard 22-in. specimen has proved 
itself of value for foundry control testing, it might be found 


that a somewhat longer 2-in. diameter specimen would yield 
: . 
more consistent results. 


13. Even commercially successful foundry sands do not 
necessarily show absolute freedom from cracks on shock heat- 
ting. However, it has been found that those sands which do 
not crack on shock heating produce more satisfactory casting 
surface finish. Since the work for this report was completed. 





* Ebrhart, G. W., unpublished manuscript. 
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further correlations have been made between the behavior of 


specimens of molding sands in the high temperature furnace 


and the action of those same sands under casting conditions. 
defects by predicting the behavior of sand in the mold. It 
might be of interest to note here that as a result of the tests 
run in conjunction with this report, a change was made in one 
of the gray-iron sand mixtures tested. This improvement re- 
sulted in better casting finish and a considerable decrease in 
losses attributable to poor sand. In another case, where the 
frequent occurrence of fins on a smooth rounded surface of a 
gray-iron casting had been reported, it was possible to show 
by the behavior of specimens at high temperatures that such 
a condition would be favored by the use of the existing sand 
nixture. 


14. Because of the considerable difference in the test 
properties of 144 X2-in. and 2>2-in. specimens, it does not 
seem logical to use information obtained from one size speci- 
men tested at high temperatures to apply to another size speci- 
men tested at room temperatures. Either there should be no 
attempt made to correlate room temperature and high tempera- 
ture test properties of a particular sand, or the same size speei- 
men should be used for both fields of testing. 


15. It is difficult to state with any degree of definiteness 
whether either the 144X2-in. or the 22-in. specimen is the 
better for sand testing, whether at high or room temperatures. 
It may be that both sizes of specimens have their own individ- 
ual applications. 





DISCUSSION 
Presiding: J. B. CAINE, Sawbrook Steel Castings Co., Lockland, O. 
Co-Chairman: D. L. PARKER, General Electric Co., Everett, Mass. 


CHAIRMAN CAINE: This point regarding the small versus the 
standard or larger A.F.A. specimen should create some discussion. We 
have been using the 2-in. round specimen. What is going to happen if 
we have to use the smaller specimen for elevated temperature? What 
is going to happen to the mass of data we have accumulated during 
the past years, using the 2-in. round specimen? 


Dr. H. Ries’: The 2-in. specimen has been successfully used in sand 
contro] work for room temperature tests and is likely to be used in the 
future. 


* Technical Director, Foundry Sand Research Committee, Ithaca, N. Y. 











— 


: 








686 EFFECT OF HIGH TEMPERATURES ON STEEL SANpDs 


We have not yet discovered that there is a definite connection 
between sand properties at room temperature and those at elevated 
temperatures. 


Mr. Young has, in accordance with the instructions given him by 
Sub-committee 6b7, made a most detailed investigation to determine 
whether there is any relation in the properties of the 1% x 2-in. and 
the 2 x 2-in. test specimens at room temperature. He has shown quite 
clearly that there is none, even when both are rammed to the same 
density. He even went so far as to make up test specimens 2 x 3.555-in. 
and found that these did not check with the smaller test piece. 

The work has brought out the fact that the 1% x 2-in. test piec« 
is more adaptable for shock heat tests than the 2 x 2-in. Because of its 


smaller size it heats through quicker, and shows less tendency to crack. 


I think Mr. Young is to be congratulated for the painstaking and 
thorough manner with which he has carried out this investigation. 
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Measurement of Free Expansion 
of Sand Mixtures 
at High Temperatures 


By G. W. Euruart*, IrHaca, N. Y. 


INTRODUCTION 
It has been observed in foundry practice that there may be 
lefects in castings which are traceable to the behavior of the sand 
mixture on heating, and in particular to its tendency to expand 


ind contract 


Experiments on the expansion and contraction of sand mix- 
tures at elevated temperatures have been described by several 
writers ', but in all cases the sand was tested under partial restraint. 


Therefore, it seemed desirable to make a basic investigation 
and determine how such mixtures behaved when the sand specimen 
was free to change its length without any load on it. 


MEASURING APPARATUS 
Two types of measurement were tried, which might be termed 
the mechanical and the optical, respectively. The furnace used in 
both cases was that described in H. L. York’s report * and is shown 
n Fig. 1 


Vechanical Method of Measurement. 


With this method, the measuring attachment used consisted 
‘f an Ames dial supported by two fused quartz rods, whose lower 
nds rested on opposite sides of a refractory block. The sand 


specimen was placed on a dise which rested on the block. 


A third fused quartz rod extended from the top of the speci- 
men at its center to the plunger of the Ames dial. The arrange- 
ment was such as to provide compensation for expansion of the 
three rods, except for the difference in length of two inches. 


Instructor, Experimental Engineering, Cornell University 

1 Dietert, H. W. and Valtier, F., ‘The Expansion and Contraction of Molding Sand 
at Elevated Temperatures,” Transacrions, American Foundrymen’s Association, vol. 
43, pp. 107-124 (1985). 

1 Buchanan, W. Y., “Testing Foundry Sands,’ Founpry Trape Journal, May 27, 1987. 

* Hudson, F., “Some Properties of Mould and Core Materials at Elevated Tempera- 
tures,”’ Proceepines, Institute of British Foundrymen, vol. 29, p. 492 (1935-1936). 

2 York, H. L., “Report of Progress of Sand Research on Steel Sand Mixtures at 
Elevated Temperatures,” Transactions, American Foundrymen’'s Association, vol, 47, 
Pp. 809-830 (1989). 
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Fic. 1—GeNeERAL View oF FuRNACE AND APPARATUS. 


Effects of Slow and Rapid Heating. A blank test was made 
to determine the variation to be expected from the apparatus itself. 
It was found that a rapid rate of heating gave a negative reading 
on the Ames dial. This seems to be due to the fact that the outer 
edge of the refractory block, which supported the specimen, heated 
up quicker than the center, thus expanding sooner and causing 
a concave surface. This resulted in raising the dial and reducing 
the pressure on the dial plunger. With slower heating a positive 
reading could be obtained on the dial. Therefore, it was necessary 
to maintain a slow and constant rate of heating with this apparatus 


Other Difficulties. Moreover, there were other troubles. Ex- 
amination of the quartz rods, after several tests, showed that they 
had warped, and since this trouble could not be corrected by means 
of blank determinations, the fused quartz rods were discarded as 
unsuitable. 


Substituting either alundum or globar rods for fused quartz 
rods gave the same trouble, for they also warped. 


An alternative method tried, consisted in supporting the Ames 
dial by supports outside the furnace and using a single fused quartz 
rod, which was supported by a spring in such a manner that it 
exerted a 2-0z. load on the sand specimen. 
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Several blank determinations were made with this set-up, but 
the changes registered were several times greater than the total 
length changes to be expected from the sand specimen. 


Blanks could not be made to check closely, since the tempera- 
ture of the room and furnace parts could not be maintained con- 
stant or duplicated. Moreover, the rods warped as before even 
though suspended as described. 


Sources of Deformation. The test just described is a par- 
tially restrained expansion determination because of the load on 
the specimen. It measures true expansion only as long as deforma 
tion is not induced in the sand specimen due to this load. The 
deformation may arise from two sources; first, from a general 
eracking of the bond with subsequent loss of strength; and seeond, 
the bond reaching its plastic range. The load is generally low 
enough with this type of apparatus to prevent deformation due 
to cracking of the bond, but when the bond becomes plastic a con- 
traction will be observed. This contraction might be a means of 
determining the sintering point of sand mixtures. 


Optical Method of Measurement 

The principle of this method, which is not new, not only per- 
mits a more accurate means of measuring the expansion or con- 
traction of the sample when heated, but also permits free 
expansion. This means that there is no load whatever on the speci- 
men during the test. 


It involves the use of a cathetometer (Fig. 3-C) which consists 
essentially of a short focal length telescope equipped with cross 
hairs. This telescope is sighted on targets at the top and bottom 
of the specimen. 


The differential movement of the top and bottom targets 
gives the free expansion or contraction. 


To see the targets, it was necessary to cut two horizontal holes 
completely through the furnace, opposite each end of the specimen 
(Fig. 2). 


The upper compression testing head of the furnace was re- 
moved and both ends of the testing chamber were tightly covered 
to prevent the circulation of stray air currents, which might cause 
uneven heating of the specimen. 
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Fic. 2—Tue CaTHeromMerer, FuRNACE AND SIGHTING HOLES IN FURNACE. 


To prevent the burning gases from passing into the test cham- 
ber or out into the room, alundum tubes of 7%-in. outside diameter, 
5g-in. inside diameter, and 9-in. long were put through the sight 
holes. These tubes extended from the inner surface of the alundum 


core test chamber, to the outside of the furnace shell, and were 
cemented in 


A sliding fit was made between the alundum core and the 
tubes, and a soft packing at the outer end, to prevent binding and 
eracking. The outer end of each tube was covered with glass to 
prevent cold air entering the test chamber. 


In sighting on the specimen, it was necessary, when the tem- 
perature was under 1800°F., to have a light source (100-watt lamp) 
on the opposite side of the furnace from the cathetometer and in 
line with the sighting holes; this gave a sharply silhouetted target. 
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After a temperature of 1800°F. was reached, the lamp was 

turned off because the targets were glowing brightly enough to 
» silhouetted against the relatively dark background. 


It was found that of arc, hole, and pyramid shape of targets, 
the pyramid was distinctly superior to the other types, as far as 


ease of sighting and reproducibility were concerned. 


Cathetometer. The cathetometer used, was a standard vertical 
type, but instead of being set on a tripod, it was rigidly connected 
to the base of the furnace by a 4-in., steel, channel beam (Fig. 2), 
so that the instrument would not be affected by floor vibration. 


In making measurements, it was found much more convenient 
to use an Ames dial in conjunction with the cathetometer instead 
of the usual vernier scale provided on the cathetometer column. 
The Ames dial was mounted on the carriage of the telescope, (Fig. 
2) and thus was fixed in relation to the cross hairs of the telescope. 
Since the dial had a range of only 1-in. and the required movement 
exceeded 2-in., it was necessary to use two reference surfaces. 


The construction of these reference surfaces was accomplished 
by bolting a steel block rigidly to the base of the cathetometer. 


—__UPPER LINE OF SIGHT _ 
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Fic. 8—DtacramMatic SKETCH or CATHETOMETER. 
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The use of the double reference surfaces is shown diagrammatically 
in Fig. 3. The test specimen is lettered D in the sketch. 


In the steel block, a '4-in. diameter hole had been drilled to 
a depth exceeding 2-in. A ground steel plug, approximately %-in. 
long and of a diameter to give a force-fit, was pressed down into 
the hole to form the bottom reference surface, E. 


The top reference surface, /, was made by a brass plate 
1/16-in. thick. This plate was pivoted at one corner by a screw 
which maintained a tightly sliding contact between the plate and 
the top of the steel block. When a sight was being made on the 
bottom target, the brass plate was pivoted to one side uncovering 
the hole in the block. The plunger rod of the Ames dial, A, ex- 
tended down through this hole to the end of the ground steel plug 
at the bottom. When sighting on the top target, B, the brass plate 
was pivoted to cover the hole and thus form the top reference 
surface 


Targets. The sighting target, shown in Fig. 4, was a tetra- 
hedron with a height of 7/32-in. and was ground to shape from 
a piece of mullite. Mullite was used because of its low coefficient 
of expansion, which allowed it to go through the heating cycle at 
any of the rates used in these tests without disintegration. 


The top target, shown in Fig. 5, was placed on the top of the 
specimen. The bottom target was placed on a 1'4-in. diameter 
earborundum block. The test specimen was supported by a split 
earborundum dise placed one-half on each side of the bottom target. 
The groove thus made by the split earborundum dise, when aligned 
with the sighting hole through the furnace, provided a means of 
illuminating the target. The test specimen and the blocks sup- 
porting the specimen were held in the furnace by a steel plate 
which was clamped to the bottom of the furnace. 


Temperature Measurements. Temperature determinations were 
made by the use of a chromel-alumel thermocouple. The hot junc- 
tion extended down into the test chamber to a point midway be- 
tween the top and bottom ends of the test specimen. 


The potentiometer was a portable instrument with self-con- 
tained batteries, standard cell and galvanometer, compensating 
adjustment for cold junction reference temperature, and a range 
of 80.5 millivolts. 
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4—-Top Tarcer tn Postrion ON SPECIMEN. 


CALIBRATION OF APPARATUS 
The expansion-contraction apparatus was checked by deter- 
mining expansion-contraction of wrought iron and comparing the 
results with well-known data for this material. The curve, Fig. 6, 
shows the result of heating a 144 x 2-in. test specimen, made of 
wrought iron, at a rate corresponding to that used in testing the 


sand specimens. 


The points obtained on heating are shown by circles and those 


on cooling by dots; this convention of showing heating and cooling 


points will be adhered to in all curves in this paper. 


The curve is concave upward on heating; this means that the 


me? 
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Fic, 5—Test SpeciImMEN witH Top anv Borrom TarceEts. 


rate of heating was too fast to allow the average temperature of 
the iron to reach the measured test chamber temperature. The 
points on cooling are more nearly in a straight line because the 
cooling rate was much slower than the heating rate. 


The mean coefficient of expansion as determined by the slope 
of the cooling curve in the range from 25-605°C. (77-1121°F.) 
is 15.5 millionths per °C. This result compares favorably with 
determinations on the coefficient of expansion of iron made by 


TEST NO.1 
EXPANSION- CONTRACTION 
vs 
TEMPERATURE 


-1/8" DIAMETER WROUGHT IRON SPECIMEN 


EXPANSION — IN./IN 





100 
TEMPERATURE — OEG C 


Fic, 6—ExpaNsionN-ConTRACTION CuRVE oF WROUGHT IRON. 
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Souder and Hidnert (14.7 millionths per °C.) or by Esser and 
Muller (16.09 for electrolytic iron and 15.72 for carbonyl] iron.’ 


\ 


The specimen length was found, by micrometer calipers, to 
e 0.001-in. greater after the test than before the test. This was 
jue to the formation of an oxide layer on the surface of the speci- 
m. It amounts to 0.005 in. per in. and accounts for the fact 
that the contraction curve failed to return to zero at 25°C. on 
-ooling. 
Possible Sources of Error. It may be well to point out what 
ossible sources of error there are in the expansion-contraction 
1ethod herein described, even though certain ones are either com- 


ensating, or are so small as to be negligible. 


The three possible sources of error may be: (1) those caused 


yy thermal expansion of parts of the apparatus; (2) mechanical 


ind optical variations in determining the movements of the targets, 


ind (3) temperature determination. 


Expansion of Targets and Support. The targets and the silicon 
‘arbide support for the test specimen expand on heating. The top 
and bottom targets are both the same height, thus with each at the 
same temperature the effect of their expansions will counter- 
balance. The total expansion of the target for the range of 25- 
1375°C. (77-2507°F.) or through 1350°C. (2462°F.) is: 

5.3 x 10° x 7/32-in. x 1350 = 0.00157-in. 
where 5.38 x 10° is the coefficient of linear expansion of mullite, 
and 7/32-in. is the height of the targets. Thus, it is easily seen 
that even if the two targets were not exactly the same height or at 
the same temperature the error would be negligible. 

The expansion of the silicon carbide dise is not counterbalanced 
by any other expanding element, thus it constitutes an error the 
magnitude of which is: 

5.2 x 10° x 14-in. x 1850 — 0.00176-in. 
where 5.2 x 10° is the coefficient of linear expansion of silicon 
earbide and 1/-in. is the height of the silicon carbide support. This 
error is positive; 7. e., it makes the resulting expansion of the test 
specimen too high. 


Expansion of Furnace and Cathetometer. The furnace and 
‘athetometer parts also expand, due to an increase in temperature 


* Cast Metals Handbook, 1939 Edition, p. 484, 
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of the furnace and room. An expansion of the furnace or ecathetom-. 
eter, except for the steel block between the two reference surfaces 
used with the Ames dial, does not affect the expansion determina- 
tion of the test specimen. This is true because whatever the effect 
of the expansion on the reading of the top target is, it is duplicated 
on the reading of the bottom target, therefore, as the expansion 
of the specimen is equal to the movement of the top target minus 
that of the bottom target, any expansion that changes the reading 
of the Ames dial on the top and bottom targets by the same amount 
has no effect on the resulting expansion of the test specimen. 


An expansion of the steel block between the two reference 
surfaces affects the expansion determination, in that it increases 
the distance between these surfaces. From observations of the 
temperature of the air surrounding this block, it was found that 
the maximum rise in temperature was 25°C. during the test. As 
the steel block is 2-in. in length, the expansion is approximately 
2x 12x 10° x 25 = 0.00060-in. This error is negative in contrast 
to that of the expansion of the silicon carbide support. As the 
effect of these two errors oppose each other their resultant is: 

0.00157 — 0.00060 — 0.00097-in. 


Errors in Temperature Measurement. In the measurement of 
temperature, it is the aim to determine the temperature of the 
specimen, but there is no one temperature which would satisfy this 
condition. During the heating or cooling of the specimen, a tempera- 
ture gradient is necessarily present from center to surface of the 
specimen. 


As it is desirable, but impossible, to measure the temperature 
at any one point in the specimen and thus determine the specimen 
temperature, the temperature of the test chamber midway between 
the top and bottom planes of the test specimen will be defined 
arbitrarily as the specimen temperature. 


While this is brought up under the discussion of errors, it is 
not an error in any sense of the word. It does not deviate from 
any known true specimen temperature, but is a temperature which 
does not truly represent the temperature of the specimen. The im- 
portant point is that on heating, the specimen temperature, as 
measured, is higher than the average temperature of the specimen, 
and on cooling the reverse relation is true. 


The thermocouple was made of standard thermocouple wire 
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and, according to tests conducted by the National Bureau of Stand- 
ards, these chromel-alumel thermocouples can be considered to 


sive results accurate to better than 5°C. even after being exposed 
r several hours to the highest temperatures used in these tests 


The potentiometer was balanced and read each time to give 
the temperature-to the nearest °C. It was realized that this ac 
‘uracy was unwarranted, but it was nearly as quick to balance the 
instrument and attempt this accuracy as to make a rough adjust 
ment. The error in temperature determination is then probably 
less than 10°C. An error of 10°C. can be seen, from an inspection 
if the eurves, to be negligible in affecting the expansion char 


icteristies. 


The Ames dial used was graduated in 1/1000ths of an inch 
and was read to the nearest 1/1000th of an inch. 


The cross-hairs in the cathetometer telescope, after some prac- 
tice, could be sighted on a stationary target with a duplication of 
the Ames dial reading of 0.00025 in. This is seen to be closer than 


the Ames dial was read during the tests. 


Thus, while there are several errors, their magnitude is small. 
Also, what is more important is the fact that the largest error (the 
expansion of the silicon carbide support) has practically the same 
effect on each expansion-contraction test. While it would be pos 
sible to make an allowance for this expansion in computing the 
results, the change in the final results would not warrant its being 
done. The adjustment to the data would only decrease the maxi- 
mum expansion approximately 0.001-in. in the 2-in. test length or 


0.0005-in. per in. This change would not affect the shape of the 


eurves relative to each other enough to be noticeable. 


MIXTURES SELECTED FOR TESTING 

To determine the effect of percentage of bond, moisture, and 
the degree of ramming on the expansion-contraction behavior of 
the mixture, silica sand of one grain size was used. That selected 
passed a 40 mesh and remained on a 50 mesh sieve. Mixtures were 
made of different amounts of bond within the range of 4-15 per 
cent. Specimens 1144 x 2-in. were prepared from these mixtures, 
using both normal ramming and lighter ramming. These same 
mixtures, rammed as described, also were prepared with different 
moisture contents. 
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Tests were made on 2 x 2-in. and 144 x 2-in. specimens to 
determine whether the specimen size might affect the results. 


Expansion-contraction tests also were attempted on bentonite 


alone, in an effort to determine its expansion characteristics. 


A naturally-bonded molding sand also was tested to determine. 


its expansion-contraction characteristics in both the A.F.A. stand- 
ard and the 14%-in diameter specimen. 


PREPARATION OF SAMPLES AND SPECIMENS 
The sand mixtures were prepared according to the A.F.A 
standard method as published in ‘‘Standards and Tentatwe Stand- 
ards for Testing and Grading Foundry Sands and Clays.’’ 


The 2 x 2-in. specimens were single-end rammed, according 
to the A.F.A. procedure, and al! were 2-in. long within plus or 
minus 1/32-in. 


The 14% x 2-in. specimens were double-end rammed in a ram- 
mer of the design shown in Fig. 7. The specimens were made by 
allowing the ramming head and rammer weight to settle on the 
mixture, removing the specimen tube stop-pin and letting the 
rammer weight drop on the mixture three times from a height 
of 25¢-in. The lightly-rammed specimens were made in the same 
manner, the only difference being that the rammer weight was 
dropped twice from a height of 15°¢-in. Thus, the energy absorbed 
by the lightly rammed specimen is the only one-third that ab- 
sorbed by the more heavily rammed specimen. 


The specimens for expansion-contraction, dry compressi 

rh f | ti ir ression and 
dry permeability were baked for 214 hours at 220°F. in a thermo- 
statically controlled electric oven. 


One sample of pure bentonite was tried, but gave trouble. 
Moist bentonite cannot be made into a standard specimen because 
it eracks badly on drying. This could only be prevented by dry- 
ing very slowly over an increasingly acid solution of sulphurie acid 
and water with increasing acidity. This takes some weeks. 


Powdered bentonite, as shipped, has 7 to 9 per cent moisture 
and this cracks when rammed. The powdered bentonite finally was 
dried and rammed in a split specimen tube. This gave a weak 
specimen, but one which could be tested. 
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PROCEDURE FOR EXPANSION-CONTRACTION TESTS 
The test specimen was placed in the furnace, the furnace 
lighted and lowered into place, and the cathetometer focused on 
the targets. Sights and readings of the Ames dial on the top and 
bottom targets were taken immediately after lighting the furnace. 


The target and cross-hairs, as seen through the telescope, are shown 
in Fig. 8. The temperature was determined immediately preced- 
ing the sighting of the cross-hairs on the targets 


The heating rate was limited to less than 4°C. (7°F.) per 
min., up to 1000°C. (1832°F.). This was done to reduce cracking 
of the specimens; however, even at this rate some of them cracked. 
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Observations of temperature and expansion were made every 
15 min., although it is possible to use shorter intervals of time 
(In fact, a pair of determinations can be made in one minut 
When a temperature of 700°C. (1292°F.) was reached, the ex. 
pansion was practically completed. This fact explains why it is 
unnecessary to limit the heating rate to 4°C. per min. after reach 
ing approximately 1000°C. (1832°F. 


The specimens were heated to between 1350°C. and 1400°C., 


y 


or approximately 2500°F. At this point, the furnace was turned 
off and the specimen and furnace allowed to cool slowly to room 
temperature. Readings of contraction were taken at various tem- 
peratures during the cooling, but these observations were not made 


as often as on heating. 


CORRELATIVE TESTS 
To correlate the results of the expansion-contraction tests 
with other physical properties of the test specimens, the following 
tests were made: Green compression, green permeability, dry com 
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pression and dry permeability. These tests were made on the 


standard size A.F.A. specimen, and in accordance with the A.F.A. 
procedure for making these tests. 

To make the permeability and strength tests on the 14% x 2- 
in. test specimen, it was necessary to adapt the standard apparatus 
to accommodate this special size. The strength-testing apparatus 
was modified only in the testing heads. Light blocks were attached 
to these heads to assure a central positioning of the test specimen, 
as shown by Fig. 9. Obviously, it is necessary to adjust the stress, 
as read on the scale of the testing machine, because of the decrease 
in the cross-sectional area of the standard specimen. This was 
done by dividing the product of the scale reading and the cross- 
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sectional area of the standard specimen by the cross-sectional area 
of the 144 x 2-in. specimen. 


The 144-in. diameter brass tubes used for the permeability 
tests were adapted to the standard 2-in. tester by soldering a short 
section of 2-in. diameter brass tube to one end of the 1)%-in. diam- 
eter tubes, as shown by Fig. 10. 


Permeability, as obtained from the standard A.F.A. formula, 
is adjusted for the 144-in. test specimen by multiplying it by the 
ratio of the cross-sectional area of the standard specimen to the 
cross-sectional area of the 114-in. test specimen. 


RESULTS OF EXPANSION-CONTRACTION TESTS 

Figures 11, 12, and 13 show the effect of varying amounts of 
bond and moisture on the free expansion-contraction character- 
istics. It is evident from these curves, which are characteristic of 
many tests, that the total expansion is not materially changed by 
the amount or kind of bond within limits used; however, if the 
bond eracks, loses its strength, or becomes plastic, the preceding 
statement may not hold. It is interesting to note that in these 
curves, the contraction on cooling is less that the total expansion ; 
t. e., the curves do not go below zero. These results conflict with 
previously published results,’ but the latter did not represent free 
expansion 
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This effect 
except in cases where extreme cracking occurred as in Fig. 18, 
which represents a sample of bentonite. Here at 800°C. (1472°F.), 





was observed to hold for all specimens tested, 






the specimen was still expanding, but suddenly cracked in 





such a manner that the central portion settled. The contraction, 






therefore, was not all really shrinkage. Had this not occurred, 
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there might have been noticeable contraction as vitrification was 
approached. 


It also was observed that the contraction, in the case of fire- 
elay bonded sands, was relatively small as compared with that of 
the bentonite-bonded sands. This can be seen by an inspection of 
eurves in Figs. 11 and 12. 


The effect of specimen size is shown by Figs. 13 and 14. The 
specimens for these two curves were prepared from the same mix- 
ture, Fig. 14 being for the standard 2-in. specimen, and Fig. 13 
for the 144 x 2-in. specimen. 


With the same rate of heating, it was found that the free 
expansion was, for all practical purposes, independent of the 
specimen size. This statement is subject to modification if the rate 
of heating is sufficient to cause cracking of one or both of the 
specimens. In connection with the rate of heating, it should be 
pointed out that the 1%-in. specimen can be heated at a more 
rapid rate than the 2-in., without causing cracking. 


The effect of varying the degree of ramming is shown by com- 
paring the curves in Figs. 13 and 15. Figure 13 is for a normally 
rammed 11%-in. specimen, while that in Fig. 15 is for a lightly 
rammed 114-in. specimen. Both show nearly the same free expan- 
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sion and contraction. The degree of ramming was varied on other 





mixtures with similar results. 






and the 









The effect of varying both the degree of ramming 
specimen size is obtained by comparing Fig. 14, which is for a 
standard 2-in. specimen, with Fig. 15 which is for a lightly rammed 
114-in. specimen. The difference in the expansion-contraction char- 









acteristics of these two specimens is insignificant. 






The curve in Fig. 16 is for a standard 2-in. specimen, prepared 
» from a naturally bonded sand. It shows the same general type and 
umount of free expansion as the preceding mixtures; however, it 






exhibits a much different contraction behavior. The specimen de 
™ veloped large cracks, as seen from Fig. 17. These cracks appeared 
at approximately 1000°C. (1832°F.) and may be the explanation 
of the unusual contraction. 

















Comparison of Results 

All of the sand mixtures tested show a total contraction of less 
than the total expansion. In seeking an explanation of this several 
different ones might be tentatively offered: 







1. If the test piece were composed entirely of silica, and 
there was a complete reversion of the silica from the high tem- 
perature to the low temperature form, it might be expected 
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that the specimen would, on cooling, go back to its original size, 
but it is a question whether this takes place. 

2. A sample of clay alone would show relatively high 
contraction, even on continued heating, due to the progress of 
vitrification. In sand mixtures, however, with, say, as much 
as 10 per cent plastic clay, the influence of this bonding mate- 
rial on the contraction must be relatively slight because: 

(a) If the clay reaches its vitrification point, it 
may begin to swell instead of contract, and 
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(b) There may not be enough clay to separate the 
grains and its contraction would take place in the inter- 


stitial space between the sand grains. 


A noticeable exception to the curve shown in most of the 
graphs is that in Fig. 16. This is a naturally bonded sand with a 
rather high clay content, which is not of a refractory character, and 
it will be noticed that there is a rather marked contraction between 
700 and 1380°C. (1292 and 2516°F.). 
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It is interesting to speculate how closely heating and cooling 
curves would resemble each other if the same mixture was re. 
peatedly heated and cooled. To determine the effect of reheating 
specimen 2B of the sand mixtures tested by H. L. York?, was re- 
heated, and the resulting curve is shown in Fig. 20. It will be 
seen by comparing the two curves that the amount of expansion 
on first heating is greater, but the actual amount of contraction 
on cooling is about the same, although the contraction of the 
reheated specimens almost equals the expansion. These observations 
have been confirmed by additional tests and by the published results 
of other investigators. F. Hudson states that on reheating, ‘‘the 
expansion will be markedly reduced'.”’ 
Trial of First Theory 


To substantiate the first theory mentioned above, the following 
experiment was made: 


Some of the same kind of silica sand used in the other 
tests was placed in a porcelain crucible, and heated, and cooled 
in the furnace, to the same temperatures, and at the same rate, 
as the regular test specimens. 


This treated sand was mixed with 4 per cent bentonite, 1.9 per 
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ent water, and molded into a 2 x 2-in. test piece. When tested 






eC 


in the furnace for expansion and contraction, the results were 





identical with untreated sand in a similar mixture, whose curve is 


shown in Fig. 14. 


It may be added that the results were not altered by heating 


t 





the sand in the erucible, at a slightly greater or slightly lower 
rate than that followed in the regular test. This does not seem to 





nfirm the first theory suggested above. 
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Results of Reheating Tests 


In other experiments, test specimens, which had been previ 





usly heated and cooled, were retested in the same manner. As 





isual on reheating, the expansion was less than on the first test 









Several reheated specimens were then crushed*, moistened ani 


rammed to form test specimens. On heating these specimens, the 






expansion and contraction was found to be greater than that ob 





tained on reheating the original specimens, and practically equal 






to that of the originally tested pieces. 






These tests would not substantiate the conelusion expressed 
by F. Iludson! who says: ‘*Thus it can be concluded that old sand 





sae iealig teste 


which has already been subjected to high temperature effects has a 





”” 


lower expansion than a new sand 






The tests which the writer has run do not confirm Hudson’s 






et... ae 


views regarding the behavior of ‘‘o!d’’ sand, nor, as already stated, 
do they confirm theory Number 1. It would seem that we must 






seek some other cause which has not yet been found. 





SUMMARY 









The results of the free expansion-contraction investigation, for 


mixtures tested, may be summarized as follows: 





1. Total expansion was independent of amount of bond, 





moisture and degree of ramming. 











2. Total contraction was less than total expansion. 








3. Total contraction is less for fireclay-bonded mixtures 
than for bentonite bonded mixtures. 





1 Thid. 
* The crushing did not involve breakage of the grains 
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4. Curiously enough, it was observed that the contraction 
was greater when cracking took place. 


5. When the rate of heating was slow enough to prevent 
cracking, there was no difference in the expansion-contraction 
of 144-in. and 2-in. specimens. 


6. The 114-in. specimens could be heated at a faster rate 
than the 2-in. specimens, without cracking. 


7. On reheating a specimen, the expansion was found to 
be less than on the first heating. 


8. On reheating, the specimen contracted to very nearly 
the same length as before reheating. 


9. If a specimen which has been previously heat tested 
be broken up, tempered without addition of new bond and 
made into a new specimen, the expansion will be the same as 
that found for the original specimen on the first heating. 


10. If new sand, without bond, be heated and cooled at 
rates equal to those used for testing specimens, then bonded, 
tempered and made into specimens, the expansion-contraction 
will be the same as for the untreated sand. ; 





DISCUSSION 
Presiding: J. B. CAINE, Sawbrook Steel Castings Co., Lockland, Ohio. 
Co-Chairman: D. L. PARKER, General Electric Co., Everett, Mass. 


E. PRAGOFF, JR.1: Has any data been obtained on the effect of 
added materials on the expansion of clay, sand, and water-containing 
cores? 


Mr. EHRHART: We ran a few specimens that contained sea coal 
but we have not made enough tests to give conclusive evidence of what 
the effect may be. More work will need to be done on that problem. 


Co-CHAIRMAN PARKER: The first paper was to definitely establish 
the particular type of specimen to use. Then we decided that we would 
follow with a variable procedure, starting with a sand of the same 
grain shape and distribution, all of which would pass a 40 and stay 
on a 50 mesh sieve. 


Mr. PRAGOFF: I understand Mr. Ehrhart dries his specimens for 
2% hrs. at 220°F. Two hours is the standard A.F.A. procedure. Was 
there some reason for selecting the other time? 


? Hercules Powder Co.. Wilmington. Del. 
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Mr. EHRHART: We wanted to make sure that all the moisture was 
iriven out on the expansion tests. If moisture was present in the spec 
men, it might cause distortion of the specimen in passing out through 
the material. 


Mr. PrRAGOFF: You did not state whether you did or did not place 
those dried specimens in a desiccator prior to testing. 


Mr. EHRHART: They were placed in a desiccator. 


Mr. PRAGOFF: Do you find any particular length of storage time 
that is critical? If, for example, specimens were made on Friday after- 
noon and we were unable to complete the tests that same afternoon and 
we did not test those until Monday, would there be any change when 
these specimens were tested on the following Monday? 


Mr. EHRHART: We did find, in the case of some specimens that 
had been in the desiccator for over a week, especially those in the top 
layer, that there was a difference in dry compression but not in ex- 
pansion or contraction. 


Mr. PRAGOFF: Did you make any test comparing the effect of skin 
drying, that is, skin dried specimens? 


Mr. EHRHART: No, we did not. 


Mr. PraGorF: Did you find any particular difference between the 
2 x 2-in. and the 2 x 1%-in. specimens so far as expansion is concerned? 


Mr. EHRHART: We found no difference, except that the 2-in. diam- 
eter specimen has to be heated slower or cracking occurs. If we heat 
the 2-in. diameter specimen slowly enough, so that there is no cracking, 
we find no difference in the free expansion, 


Mr. PRAGOFF: We are now making a few expansion tests and I 
wonder about the length of time the specimen should be left in the 
furnace prior to making our readings. We put the specimen in the 
furnace, take the readings, and see if they go up to a peak. Our read- 
ings go up to a peak, drop off, ievel off, and start to rise again. We do 
not have as accurate a piece of equipment as you do. Do you feel that 
a long, slow rate of heating will give a truer picture than we will get 
in, say, the shock type of test? 


Mr. EHRHART: In some cases it would, especially where cracking 
takes place. We also have found that the slope of the expansion curve 
is affected by the rate of heating. If the specimen is heated very fast, 
its temperature does not correspond with the temperature of the test 
chamber, so that the expansion read really does not correspond to the 
temperature of the specimen. The temperature of the specimen is lag- 
ging, so the expansion corresponds to a lower temperature than that 
read. 


Mr. PRAGOFF: We hope to overcome it by having two thermo- 
couples, both attached to recording pyrometers, one which records the 
specimen and the other the oven temperature. 
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Dr. Ries*: Mr. Pragoff, is the expansion restrained or free? 

Mr. PRAGOFF: The expansion is restrained. We are using Dietert’s 
dilatometer equipped with an indicating and recording pyrometer. That 
has a globar tube-type heating chamber, and we have quite a bit of 
expansion in furnace parts. The loading is questionable for we do not 
know what it is. We will have to know some time. However, it will be 
interesting to compare results obtained under different loads with unre- 
strained or free expansion. 


Dr. RIES: Quite a few expansion curves have been published, not 
only in this country but in the English Foundry Trade Journal, some of 
which are rather interesting to compare. If you heat the specimen up, 
say in 8 hours, you may get a certain curve. If you do the same thing 
in 4 hours, you will get a steeper curve. The tests which have been 
published, were made under restrained, or perhaps I had better say 
partially restrained, expansion. Such curves have frequently gone down 
below the zero point. You do not get such a condition with the free 
expansion. 


Mr. Ehrhart, did you not make most of these tests with the same 


sand? 
Mr. EHRHART: That is right, No. 50 grain size. 
Dr. Rres: You made some with some sands of other textures? 


Mr. EHRHART: That is right. The naturally bonded molding sand 
was much finer than the No. 50. 


Dr. Ries: Could you say that there was or was not a difference 
in the amount of expansion with the variation in the texture of the 


sand? 


Mr. EHRHART: There was no difference in the tests we ran. The 
grain size did not seem to have an effect in the tests that we ran, and 
the total number of tests was nearly 60. 


Dr. Rres: How rapidly can you make these observations with your 
+ 
cathetometer? 


Mr. EHRHART: You could take a reading on the top target and 
then a reading on the bottom target at an interval of say one minute. 
However, this free expansion and contraction work was all done at 
slow heating with a few exceptions. In the slow heating, we took a 
reading every 15 min 


L. B. OsBporN?: Were all the tests made with the furnace under- 
going cooling at the time you were taking the readings? 


Mr. EHRHART: No, we started with the furnace at room tempera- 
ture and began to take our readings. When we reached over 1400°C., 


2 Technical Director, Foundry Sand Research Committee, Ithaca, N. Y. 
*Hougland & Hardy, Inc., Evansville, Ind. 
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which corresponds to 2500°F., we turned the furnace off and allowed 
it to cool at its own cooling rate and took our contraction readings. 


U 


Mr. OSBORN: We have found, under continued high temperatures 
of 2300° or 2500°F., that certain sands have very little contraction 
even with restrained movement, that is, with weight on the sand sample, 
provided they do not crack excessively and provided they have sufficient 
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hot strength. 










< Mr. EHRHART: I suppose that would depend upon the cracking, 
the plasticity of the bond at that temperature, and also the load on the 
specimen. If it had sufficient hot strength, it probably would hold right 
up there and give the same type of curve as we get with the free 






expansion. 













Mr. OSBORN: Most of our work has been with green sand. We 
applied the shock test in every instance. 






Mr. EHRHART: Have you found much cracking? 









Mr. OSBORN: Some sands, those that are low in refractoriness, 
seem to crack a great deal under the shock test. Some of the high 
sintering sands will crack, but usually to a slight degree. 







Mr. EHRHART: Did you find much contraction when you had the 





4 cracking take place? Could you correlate that at all? 

7 

: Mr. OSBORN: Yes, the high contracting sands are those that 
3 cracked the most. They have the lower refractory properties. 

i 

j Mr. EHRHART: That is what I seem to find, too. 

; ‘ , sin ce : , 

4 N. J. DUNBECK?: Dr. Ries, is it not true that we are dealing with 
é restrained expansion in our molds rather than free expansion? 

Dr. RIES: Yes, if you know how much pressure you have. 

> 

2 

q Mr. DUNBECK: I do not suppose anyone knows. But is it not true, 








that there is a very much restrained expansion in a mold? 








Dr, Ries: Yes, I should think it would be, but you do not know 
how much restraint you have and you do not know how much restraint 
to put on the specimen. 







Mr. DUNBECK: If the expansion is greater than the strength you 
would have a rat tail, buckle or something of that sort. 






Dr. Ries: I presume you might. 





L. B. KNIGHT, JR.5: What was the rate of temperature increase 
you used? Did you experiment to find where the cracking occurred and 
keep under that? 







Mr. EHRHART: We found, for most sands, we did not get any 
cracking if we kept to within 4°C. per min. 







* Vice President, Eastern Clay Products, Inc., Ejifort, Ohio 
* Vice President, National Engineering Co., Chicago 
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Mr. KNIGHT: Then it took several hours? 
Mr. EHRHART: To run one of these tests would take around 8 
hours. 


Mr. KNIGHT: How will this be transposed into a practical foundry 
control setup? 


Mr. EHRHART: With the free expansion, you know that a sand 
mixture, if it could expand freely, would expand say 0.018 in. If you 
limit it, then that expansion must take place within the sand. That is 
equivalent to heating the sand and then compressing the 0.018 in. by an 
external compressive force. 


Mr. KNIGHT: Have you been able to prove that? 
Mr. EHRHART: No, that is what we want to correlate. 


Mr. KNIGHT: If you can prove that, will you have a practical test 
which you can apply? 


Mr. EHRHART: What we will have to do is determine some way of 
getting the deformation. If we knew that the free expansion was 0.018 
in. and that the maximum deformation that the sand could take was 
0.015 in. and we found, under test, that it cracked, then we could say 
that if the expansion was greater than the maximum deformation the 
sand could withstand, cracking would occur. That is what we have 
started out to prove. The first step in that direction was to find what 
the free expansion was. The free expansion by itself, just as an 
abstract number, is of no value. 


Mr. KNIGHT: I am also interested to know whether you went 
through with the program, discussed a year ago, of taking all one grain 
structure with definite bond and moisture percentages and working 
through a range of different grain structures with different bond and 
moisture percentages. 


You made the statement that the amount of bond did not affect 
the expansion and contraction but that the type of bond did. Did you 
go through enough different percentages to show that? 


Mr. EHRHART: The range of bond that we used was from around 
3 per cent to over 15 per cent. The moisture was varied from 1.7 to 
over 5 per cent. We also varied the ramming from the normal to the 
use of a ram which imparted only one-third the amount of energy of 
the normal ram to the specimen. Also, when we started out, in the 
original program, we contemplated using different grain sizes, but after 
trying a few and getting the same free expansion with them, that was 
dropped and we went on to other variables. 


Mr. KNIGHT: How extreme a range of grain structure was used? 
Was any work done that would prove, under free expansion conditions, 
that the addition of finer grains, or more bond would overcome “rat 


? 


tails” or buckles caused by expansion and contraction in the mold? 
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Mr. EHRHART: The amount of free expansion seemed to be the 
same for all grain sizes that we tested. Free expansion does not indicate 
which would be a good sand and which would be a sand that might 
cause rat tails. That probably would be tied up with the relation be- 
tween the deformation that the sand could take and the free expansion 
that you know it must take. 


Mr. KNIGHT: You found it was the same whether you used all 
50 mesh material or all 200 mesh material? 


Mr. EHRHART: We did not go as far as 200 but we used much 
finer than 50 mesh. I do not know what was the finest sand that we 
used. The bonded molding sand was quite fine as compared with the 
50 mesh sand. You saw, from the curves, that the expansion was prac- 
tically the same. The only place that we ever did get any free expansion 
that was different was on re-heating our specimen, and then it was 
drastically reduced. 


Mr. KNIGHT: You found quite a difference in the grain structure 
-that it varied? 


Mr. EHRHART: No, it did not break up the grain structure, so far 
as we could determine. 


Mr. KNIGHT: Did you try rebonding the sand or was the material 
used just as it was? 


Mr. EHRHART: We tried it both ways. We reheated the specimen 
without doing anything to it and found the expansion was much less. 
Then we broke the specimen down, tempered it, without additional 
bond, and made it into a specimen. The expansion was the same as 
found originally. 


That led us to believe that the failure to expand to the maximum 
value reached on the first heating, was due to the action of the bond 
and not to a permanent expansion of the sand grains because when we 
broke up the specimen and rebonded the sand, we got the same ex- 
pansion as we had found originally. 


Co-CHAIRMAN PARKER: If we are going to learn anything at all 
about the expansion and contraction properties of sand, we must first 
find out how much the sand will expand of itself without any restraint. 
The next step is to hold that sand specimen within certain limits and 
determine the amount of deformation it takes at the same temperatures 
at which the unrestrained expansion was made. Then you will be able 
to compare your actual test results with calculations that will be made. 


CHAIRMAN CAINE: The Sintering Test Subcommittee is struggling 
along the same lines as Mr. Young and Mr. Ehrhart, namely, trying 
to check the details of the test itself and correlate the test results with 
the behavior of the sand in the foundry. 


One interesting point is that all the members of the subcommittee 
have checked the sintering points of a sand almost identical with that 
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shown in Figs. 13, 14 and 15. On this sand containing crude Ottawa 
sand and 4 per cent bentonite, the committee checked the “A” sintering 
point, when the platinum ribbon just sticks to the sand under very 
carefully controlled conditions, as 1370°C. The “B” point when the sand 
starts to fuse or vitrify was found to be 1565°C., 


Therefore it does not seem, at least from the sintering point data, 
that the breaks in the curves in Figs. 13, 14 and 15 are due to any tyne 
of sintering, as the sintering points are all much higher than the breaks 
in the curves that occur at about 900°C. 


About the only explanation for this discrepency, if the breaks are 
due to sintering, is time. The sands in Mr. Ehrhart’s experiments were 
subjected to heat for at least 6 hours, against 6 minutes in the sintering 
test. It is possible that this great variation in time may be the cause 
of the difference of at least 450°C. between the breaks in the curves 
and the lowest sintering temperature. 


On the other hand there does seem to be some agreement between 
Mr. Ehrhart’s results and sintering points. At first glance it seems 
surprising that the free expansion curves of a 10 per cent fireclay and 
a 4 per cent bentonite sand should be almost identical. However, it so 
happens that the “A” and “B” sintering points of sands containing 
10 per cent fireclay and 4 per cent bentonite are also identical. 











Effect of Furnace Atmospheres in Non-Ferrous 
Melting 


By J. M. Keuuy*, East PitrsspurGyH, PA. 


Abstract 


The author has made a study of the effect of furnace 
gases on the porosity of high conductivity copper castings 
and also concerning the low physical properties obtained in 
some instances in such alloys. As a basis for his discus- 
sion, he shows the solubility relation as a function of tem- 
perature for various gases found in furnace atmospheres 
and points out that of those usually found, oxygen and 
hydrogen appear to be the two gases which exert most of 
the effect. The differences in appearance of porosity, duc 
to oxygen and hydrogen, are shown and the possible 
methods for elimination of these two gases during the 
melting procedure is discussed. The next section of his 
paper deals with methods that may be used for controlling 
the absorption of hydrogen and oxygen in copper and to 
explaining possible sources of hydrogen. In the latter part 
of his paper, the author points out that hydrogen has a 
very definite effect on the ductility of copper castings and 
suggests that it may be the cause of low ductility values 
in other copper-base alloys. 


1. The importance of atmosphere control within melting fur- 
naces used in the preparation of non-ferrous alloys is becoming 
increasingly apparent. Faulty castings, due to gas absorption as 
well as excessive oxidation of molten alloys because of faulty 
furnace atmospheres, has been largely responsible for the intensified 
effort of foundrymen to establish some means of control over this 
source of possible trouble. Particularly is this control important in 
the preparation of high-conductivity copper castings and high 
strength brass and bronze. 


* Metallurgical Section, Feeder Engineering Dept., Westinghouse Electric & Mfg. 
Compeny. 

+ This paper was submitted on behalf of the Research Committee, A.F.A. Non- 
Ferrous Division. 

Nore: This paper was presented before a Non-Ferrous session at the 45th Annual 
\.F.A. Convention. New York City. N. Y., May 12, 1941. 
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2. The present trend of application of high-conductivity 
copper castings in the electrical industry is upward. For this 
reason, as well as the basic importance of melting pure copper in 
making copper-base alloys, a study of atmosphere effects upon 
copper during melting should be appropriate. 


3. In considering atmosphere control during melting, it first 
is desirable to study the physical relation of gases to molten metals 
and alloys. A knowledge of the laws governing the solubility of 
gases in molten metals is important in any discussion involving the 
production of sound castings. Ilowever, such laws can be used 
only as a guide in foundry melting because seldom are equilibrium 
conditions attained. 


Solubility of Gases in Copper 

4. The purely physical aspects of the solubilities of gases in 
molten metals have been discussed at length by numerous investiga- 
tors. According to their findings, we learn that the solubility of 
gases in liquid metals is a function of both temperature and pres- 
sure. The solubility relation, as a function of temperature, for 
earbon-monoxide, hydrogen and carbon-dioxide, gases commonly 
present in melting-furnace atmospheres, are given in Table 1. 
Pressure may be assumed to be constant. 


Table 1 


SOLUBILITY OF GASES IN COPPER 


Temperatures, Carbon Carbon 
*¢. Monoxide Dioxide Hydrogen 
600 2 1.5 5 
800 3 2.5 7 
1000 3.5 3.0 8.5 
1200 26.0 18.0 13.0 
1300 19.0 17.0 14.0 


5. In addition to the gases shown in Table 1, nitrogen and 
oxygen are also present in melting-furnace atmospheres. Nitrogen, 
inherently inert, is insoluble in copper in the solid state and only 
slightly soluble in the liquid condition. However, oxygen dissolves 
in liquid copper quite readily and is generally present as cuprous- 
oxide. The equilibrium relation between copper and oxygen is 
shown by the diagram Fig. 1. 


6. Nitrogen, carbon-monoxide, and carbon-dioxide are suit- 
ably inert gases, so far as our experiments with cast copper have 
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been concerned. Oxygen and hydrogen, however, are objectionable 
because their presence singly or together in the liquid metal bath 
causes porous castings. This is due to the lower solubility of these 
gases in the solid state compared with their solubility at liquid 
temperatures. In cooling from the high temperature, the gases be- 
come less and less soluble in the molten copper. At the melting 
point, this change is very abrupt, giving rise to an appreciable 
evolution of gas. As this occurs, the casting solidifies, thus en- 
trapping considerable portions of this occluded gas within the 
casting body and giving rise to a porous product with low density. 


Appearance of Porosity Due to Hydrogen and Oxygen 

7. The physical appearance of porosity created hy hydrogen 
and that caused by oxygen are somewhat different. For instance, 
hydrogen porosity occurs in a more geometrical pattern within 
the casting whose gates and risers often exhibit a prominent pipe. 
However, porosity due to oxygen occurs in irregular shaped cavities 
and, in the majority of cases, the riser often will spew during the 
process of solidification. 


Elimination of Oxygen 
8. The problem of oxygen absorption, in the preparation of 
copper in gas-fired furnaces, often has been solved by the addition 
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of deoxidizers prior to pouring. Care in the selection of the proper 
deoxidizing agent for high-conductivity copper must be exercised 
beeause of stringent electrical conductivity requirements. However, 
additions of 0.20 per cent calecium-boride in the ladle have been 
found to eliminate oxygen effectively without detrimentally affect- 


ing the electrical conductivity. 


Elimination of Hydrogen 

9. The elimination of hydrogen from molten copper is not as 
simple as that of oxygen. Here it has been necessary to add some 
suitable oxidizing agent to eliminate the hydrogen; followed by 
the proper deoxidizing addition to eliminate the residual oxygen 
Considerable success has been experienced with additions of 0.20- 
0.40 per cent cuprous oxide (Cu,O) prior to deoxidation. The 
chemical reaction taking place is given by the following equation 

Cu.0 + He > 2Cu + HO 


10. The oxide addition usually is accompanied by a positive 
reaction in the presence of dissolved hydrogen. When this reaction 
is complete, an addition of calcium boride (Ca Bs) is made to 
eliminate the excess oxygen in the liquid bath. 


ConTROL OF MELTING FuRNACE GASES 


11. More positive methods for improvement in control of 
gases in copper castings can be obtained by control of the furnace 
gases within the melting furnace. This is possible because of the 
definite relation existing between the solubilities of hydrogen and 
oxygen in liquid copper. In general, if the hydrogen content is 
high, the oxygen content is low. Conversely, when the oxygen is 
high, the hydrogen is low. The graphical relation of these two gases 
is shown in Fig. 2. 

12. In view of this relation between hydrogen and oxygen, 
it is apparent that to prevent hydrogen absorption by molten cop- 
per the conditions within the furnace should be slightly oxidizing. 
With a slightly oxidizing condition, the molten copper will absorb 
in liquid solution a given quantity of oxygen which can be elimi- 
nated readily by deoxidation. Under these conditions the hydrogen 
absorbed will be very low. 


Sources of Hydrogen 


13. There are several sources of hydrogen in gas-fired melting 
equipment. First, hydrogen is introduced into the furnaces 











HYDROGEN PERCENT 


OS +0 AS .20 25 30 
OXYGEN PER CENT 


Fic, 2—VARIATION OF HypRoGEN CONTENT wiih UXYGEN CoNTENT IN MOLTEN CoppER 
(AccornpING To N. P. ALLEN*). 


* Journal, Institute of Metals (1930). 


through the presence of grease and oil coatings on scrap metal. 


These hydrocarbons break down at furnace temperatures liberating 
hydrogen, which may be absorbed in the liquid bath. Secondly, 
in gas-fired furnaces, hydrogen may be introduced with the furnace 
gases, should the air-gas ratio fall below that required for complete 
combustion. Molten copper will readily absorb hydrogen as the 
condition within the furnace becomes more reducing. Table 2 gives 
the composition of furnace atmospheres for several different gas- 
air ratios. 
Table 2 
COMPOSITION OF FURNACE ATMOSPHERES FOR VARIOUS 
Gas-Arr Ratios 

Ratio CO,, Ha, 
Air-Gas y % of 

4/1 11.5 3.0 21.0 

6/1 es 9.9 6.1 14.4 

8/1 és 6.5 8.0 8.1 

10/1 os 3.0 10.1 3.2 

12/1 iba ae 12.0 ~ 
14. A third possible source of hydrogen is due to the relative 
humidity of the air used for combustion. High moisture-bearing 
air affords an excellent source of steam which, in the furnace, will 
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react with copper to form hydrogen. This may mean that the 
greater the relative humidity, the more oxygen is required to 
prevent hydrogen from entering the bath. 


15. Because of the economical advantage offered in melting 
under slightly reducing conditions, experiments were conducted 
with air to gas ratios of the order of 10 to 1. From Table 2, it may 
be noted that this atmosphere carries 3.2 per cent hydrogen. Cast- 
ings made from this copper were found to be satisfactory. Low- 
ever, higher hydrogen contents are not recommended because of 
the existing danger of porosity. Ratios of this order (10/1) appear 
to afford protection to the copper on the melt down. 


Errect oF HyDROGEN AND OXYGEN ON DUCTILITY 


16. Thus far only effects of hydrogen and oxygen upon por- 
osity have been considered. Ilowever, another important consider- 
ation associated with the oxygen-hydrogen absorption in copper is 
worthy of mention. This concerns the embrittling of copper cast- 
ings and forgings subjected to elevated temperatures during proc- 
essing. Tests conducted at the plant with which the author is 
associated, indicated conclusively that the embrittling effects oceur- 
ring in copper are directly related to the melting furnace 
atmospheres. 


17. For instance, specimens from heat No. 1 in Table 3, 
prepared in a hydrogen bearing atmosphere, fractured on bend 
test (90° Bend) after being subjected to cold-rolling followed by 
an annealing treatment in air. On the other hand, sample No. 2, 
prepared by the same method in a hydrogen-free atmosphere, 
showed excellent ductility. The composition of the furnace gases 
used in the preparation of these melts are given in Table 3. 


Table 3 


FURNACE ATMOSPHERES 


CO., Oz, co, H,, 
Melt No. % % % % 
ae: a ae 72 0.1 7.4 6.1 
eo, re 9.8 3.5 0.1 0.0 


18. Examination of the micro-structures of the fractured 
cast-specimens indicates that the causes associated with this type 
of failure are due to oxygen-hydrogen embrittlement commonly 
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noted in copper (oxygen bearing) which is heated in hydrogen. 
This is possible particularly when it is realized that hydrogen and 
oxygen can exist together in a copper-base alloy. When subjected 
to elevated temperatures, the hydrogen can readily migrate within 
the copper matrix because of its small atomic size. In so doing, 
it readily combines chemically with oxygen present as copper-oxide 
in the copper. The force of this intergranular reaction results in 
actual rupture at the grain boundaries thereby causing intergranu- 
lar fracture which seriously impairs ductility. 


19. The importance of control of melting furnace atmo- 
spheres for making high-conductivity copper castings is not con- 
fined necessarily to this type of material. It is probable that this 
factor is equally important in melting brasses, bronzes, and other 
copper base alloys. 


20. Low ductility values, as shown by test bars on many of 
these alloys, have been a matter not well understood. It is reason- 
able to suppose, especially in the light of evidence on copper, that 
hydrogen plays a major part in this tendency toward low physical 
properties in other copper-base alloys. 


ACKNOWLEDGMENT 
21. The writer gratefully acknowledges the help of Mr. E. W. 
Beiter of the Westinghouse Research Laboratories for the gas 
analysis referred to in this paper. 





DISCUSSION 
Presiding: WILLIAM ROMANOFF, H. Kramer & Co., Chicago. 


A. U. SEYBOLT! (written discussion): In Table 1 Mr. Kelly gives 
some figures on the solubility of CO, CO, and H, in copper over a range 
of temperature. These figures are very interesting, but no reference to 
their source is given, and the units of solubility are omitted. 


If these figures are correct, both CO and CO, are much more 
soluble in liquid copper than hydrogen, and furthermore, the decrease 
in solubility at the freezing point is much greater than in the case of 
hydrogen. If this is the case, it would be expected that both CO and 
CO, would cause greater unsoundness in copper castings than hydrogen 
if liquid copper were saturated with these gases. Yet, Oxygen Free 
High Conductivity copper is melted and cast under CO and very sound 
castings are obtained. I have frequently melted and cast pure copper 


1 Metallurgist, Battelle Memorial Institute, Columbus, Ohio. 
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under CO, and have obtained very satisfactory castings. Mr. Kelly’s 
experience with CO and CO, in melting copper checks these observations 
as he states that CO and CO, “are suitably inert gases.” 


The statement is made that “Oxygen and hydrogen are objection- 
able . . . singly or together” and that their presence causes porous 
castings. Certainly it is true that hydrogen, particularly in the pres- 
ence of some oxygen causes unsoundness, but there seems to be no 
reason why oxygen alone should cause unsoundness. If this were the 
case, tough pitch copper containing about .05 per cent oxygen should be 
unsound. Oxygen, unlike hydrogen, forms a stable compound, Cu,0, 
with copper and the oxygen is hence not expelled during freezing. The 
description of the type of porosity cited by Mr. Kelly as being caused 
by oxygen, is probably caused by the presence of both oxygen and 


hydrogen 


Mr. KetLy: I do not think that I need comment on the effects of 
carbon monoxide and carbon dioxide because evidently the findings of 
Mr. Seybolt and my findings as to CO and CO., seem to be in line. | 
bubbled the CO right into the liquid melt, and the resulting castings 
were examined for porosity. The samples were at definite tempera- 
tures. This was not included in the paper because it would have made 
it rather lengthy. 


MEMBER: The writer mentioned experiments conducted with pure 
copper. Do you expect much the same to be true in the brasses? Do 
you expect much change in solubility and in soundness? 


Mr. KELLY: I cannot speak for brass, but I can speak for bronze. 
I know that high hydrogen-bearing atmospheres in bronzes are in- 
strumental in causing porosity. I imagine the same is true with brass, 
although I have not gone into the brasses completely. I have been 
devoting most of my time to precipitation hardening alloys and copper. 
Experimental work with the bronzes was started at the present time 
because this type alloy is giving us trouble. The brasses, of course, 
are in line for further study. Just what relation the effect of tin and 
zinc have on the solubility ratios with respect to temperature, I do 
not know. 


MEMBER: Would you expect carbon monoxide and dioxide to be 
causes of trouble in the brasses or would you expect them to cause 
no trouble? 


Mr. KELLY: I do not think that these gases are an important 
source of trouble. It seems to be hydrogen, so far as my studies are 
concerned. 


G. M. THRASHER?: In Paragraph 14 you state, “A third possible 
source of hydrogen is due to the relative humidity of the air used for 
combustion.” We note in Table 2 that it shows the composition of 
furnace atmospheres for various gas ratios and, while showing the 
usual composition reported chemically, it does not give the water vapor 
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produced by this gaseous fuel. Assuming this fuel is mostly methane, 
CH,, the volume of water vapor due to the combustion alone is twice 
the volume of CO. produced in the 12 to 1 ratios shown and this would 
figure about 24 per cent water vapor. Actually, if it is reduced to the 
fact that the water vapor is included in the 100 per cent, it would be 
about 9 per cent CO, and 18 per cent water vapor. The water vapor 
added by using saturated air at 70°F. for combustion would not exceed 
3 per cent by volume and, while this additional moisture will lower 
the flame temperature appreciably as compared with dry air, its main 
deleterious effect is to prolong the melting time. 


Mr. KELLY: The statement of relative humidity of the gases used 
for combustion was offered more for what it would be worth than for 
the completeness of the statement. Scientifically, we have to confess 
that our information as to the effects of relative humidity has been 
somewhat lacking. 


Mr. Thrasher’s point of the deleterious effect of moisture on pro- 
longed melting is appreciated. In addition to this objection water vapor 
presents a possible source of hydrogen by virtue of the following 
reversible reaction: 


Cu.0 + H, = 2 Cu + H,O 


MEMBER: Copper castings, I do not believe, could be expected to 
be as good as bronze so far as soundness is concerned. I find copper 
is the most dangerous metal with which we have to deal if we do not 
watch the condition of the fires. Nevertheless, we do produce good 
copper castings. We keep the temperature of the metal as low as pos- 
sible to pour, and a little phosphorus will help with that. On top of 
that, you need a heavier riser, one almost twice the thickness of your 
casting. And if possible, after it has been cast, keep on vibrating the 
mold so that the metal will be in motion until it chills. In that way, 
you can produce a good, solid copper casting. I have been doing it for 
18 yrs. with castings running from around 1 to 150 lb. 


CHAIRMAN ROMANOFF: You may produce a solid casting but I 
question very much whether you will produce a conductivity of 90 that 
Mr. Kelly mentions, by the use of phosphorus. 


Mr. KELLY: One of our objections to the use of phosphorus is that 
the residual phosphorus content you will get in the analysis is rather 
uncertain. If the bath is fairly well deoxidized and you make phos- 
phorus additions, the residual phosphorus in the finished product will 
have a tendency to be high. On the other hand, if the bath is fairly 
well oxidized, the phosphorus will be eliminated. It is the uncertain 
phase of the recovery of phosphorus that has prevented us from adding 
it because sometimes we get higher phosphorus contents than we really 
want. Of course, when that occurs, our conductivity is decreased quite 
appreciably. 


MEMBER: From what temperature did you obtain best results? 
Would that be a dry sand or green sand mold, with a high permeability? 
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Mr. KELLY: The sand should open. We use green sand molds 
with good results with moisture contents from 5% to 6% per cent, 
We have not experienced too much difficulty with pouring temperatures, 
The lowest temperature which will successfully run the casting is the 
recommended pouring temperature. 


CHAIRMAN ROMANOFF: Would not the pouring temperature depend 
upon the fluidity? If you are using a proper deoxidizer, you are me- 
chanically releasing some of the gases. 


Mr. KeEtLty: That is true. 


H. J. Roast’: I want to ask the speaker what test he has used 
for this question of porosity or otherwise? Is it x-ray? Is it deep etching 
or fracture, or all of these things or any two? 


Mr. KELLY: On the fracture test specimens we used both tensile 
test and bend test. 


R. W. Parsons‘: Mr. Chairman, in the written discussion, did it 
say, “If this were the case that tough pitch copper containing 0.05 per 
cent oxygen would be unsound?” Tough pitch copper is unsound. All 
you have to do is break a pig to see the porosity. Would you read the 
discussion again? 


CHAIRMAN ROMANOFF: The statement reads, “The statement is 
made that ‘oxygen and hydrogen are objectionable . . . singly or to- 
gether’ and that their presence causes porous castings. Certainly it is 
true that hydrogen, particularly in the presence of some oxygen, causes 
unsoundness, but there seems to be no reason why oxygen alone should 
cause unsoundness. If this were the case, tough pitch copper containing 
about 0.05 per cent oxygen should be unsound.” 


Mr. PARSONS: Tough pitch copper is poled to a flat set and con- 
tains residual oxygen, around 0.04 per cent, which makes it unsound. 
If it is deoxidized to the extent that it takes a shrink, the metal will 
be sound, 


Mr. KELLY: With oxygen of this content copper could not ap- 
proach maximum density. I know definitely that oxygen will create 
porosity, because similar experiments such as were described with CO 
were performed with oxygen. The results of this work left no doubt 
as to the behavior of oxygen in this regard. 


MEMBER: We may run along for a period of months with no 
porosity and no evidence of any difficulty and then, suddenly, we may 
have castings showing evidence of it. With this hydrogen explanation, 
it might be possible to account for it. It is something that we have 
not been able to determine. 


I want to ask the speaker, under Cause No. 9, where he uses 0.4 
per cent cuprous oxide, if that is a regular practice, or is there some 


* Vice President, Canadian Bronze Co., Ltd., Montreal, Canada. 
‘ Metallurgist, Ohio Brass Co., Mansfield, Ohio. 
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way that you may determine when the heat requires that sort of 


treatment? 


Mr. KeLtLty: Unfortunately, I am not well enough versed with the 
subject to say when the cuprous oxide treatment should be given. In 
the preparation of virgin melts, I advise the addition of cuprous oxide 
r cupric oxide, if the condition within the gas furnace is not too well 
known. The cuprous oxide addition will take care of the hydrogen that 
may be absorbed. After the addition of oxide, the melt is deoxidized 
back before we add the tin and zine. So far as our work is concerned, 
that procedure has worked out very nicely. A high recovery of our 
added elements is obtained and we eliminate the fear of trouble from 
hydrogen. 


MEMBER: Do you do that as a regular practice? 
Mr. KELLY: With virgin metal, yes. 


CHAIRMAN ROMANOFF: I question whether that would be the right 
procedure in brasses, because zinc is definitely a deoxidizing agent. If 
you add cuprous oxide or any oxide, it definitely would be oxidizing 
right at the beginning, unless you intended to melt with a slightly 
reducing atmosphere. 


MEMBER: This happens to be a 90 per cent copper and 10 per cent 
tin alloy with no zinc. I would like to ask Mr. Kelly if that procedure 
would apply in that case? 


Mr. KELLY: Yes, when you deoxidize back, residual oxygen is 
eliminated. Then when you add the zinc, you have a fairly well deox- 
idized copper bath. 


J. F. EpNIE®: I might add a word of caution to Mr. Kelly’s re- 
marks and that is, that they are all confined to copper. From what 
work I have been doing for our company for the past couple of years, 
I know that what Mr. Kelly has pointed out in his very excellent paper, 
is in the right direction so far as copper is concerned, that hydrogen 
is the big offender. Although I do not have data with me to prove it, 
I do not think you have the same situation with bronzes. I do not 
believe hydrogen is your big offender. For example, I have taken a 
heat of 80-10-10 and bubbled hydrogen through it for 20 minutes and 
you can obtain a dandy casting, as though you had never done it at 
all. Now the hydrogen solubility is evidently low, or at least, if it is 
soluble, there is something else taking place to offset it. It becomes a 
matter which requires laboratory experimentation rather than practical 
experimentation such as I was doing. I do know this, that in the same 
alloy, steam is much more effective in producing porosity. Water vapor 
or steam will gas 80-10-10 very markedly, while hydrogen seemingly 
had no effect at all. 


*Met. Engineer, Federated Metals Div., American Smelting and Refining Co.. 
Pittsburgh, Pa. 
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I can also verify Mr. Kelly’s remarks with regard to CO. and CO 
on copper. They show very little effect in the castings, while hydrogen 
shows tremendous effect. 


The same applies to hydrogen in yellow brasses. A volume has 
been published by the British Non-Ferrous Research institute on the 
casting of brass ingots that covers the solubility of hydrogen in the 
high yellow brasses. It shows the hydrogen solubility to be low. 


Mr. KELLY: I agree with the speaker that additional laboratory 
information is required on the more complex alloys. I think that the 
information contained here should be used with the thought in mind, 
that these results have been obtained on copper alloys, and until our 
data are more complete, I think we should use the results contained 
herein as a guide rather than a cure for our complex alloy problems. 


Mr. EpDNIE: In melting copper, I believe there is some value in 
the work Mr. Kelly is doing. However, before a heat of copper is poured 
in the foundry, I do not agree that the foundryman has to be so much 
in the dark as he thinks he need be. For example, when we cast a 
75,000 or 80,000 lb. reverberatory furnace full of copper, we are not 
going to guess whether it is ready to cast or not. We are going to 
tell. We make our tests, and why do not the foundrymen do the same’? 
If the foundryman is going to pour a casting of a couple of hundred 
pounds of metal where there is a lot of molding, sand and labor cost in- 
volved, he certainly can melt his copper and take some tests which an 
experienced copper man can easily break and tell within reasonable 
limits whether it is ready or not. 


I do not know to what extent that can be brought down to a science 
but I know one thing, I have seen copper castings that, had a fracture 
test been made before the copper was poured, you could easily have 
known that copper was not in condition to pour. You do not have to 
be entirely blind when you pour copper. I believe this information 
that Mr. Kelly brought out is leading to that end. 


D. F. O’ConNoR®: The discussion this afternoon has been quite 
interesting from the theoretical point inasmuch as the metallurgist is 
quite interested in knowing what amount of gases are in the metal and 
about the furnace atmospheres. However, looking at it from a practical 
point, supposing we do make the test of the metal before it leaves the 
furnace and find no gases and yet, after the casting has been made, 
and fractured, we find it full of holes. Is that porosity or is it holes 
that have come from the melting atmosphere, or holes from gases that 
have been generated from the mold or the core? After all, we are pri- 
marily interested in getting a good casting, and if we want to get 
sound castings, we have to consider coremaking and molding practice, 
as well as the melting. 


I agree to this extent, that gases are the cause of a good many of 
our defective castings. At the same time, we cannot look always to the 


Superintendent, Walworth Company, Boston, Mass. 
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furnace or melting conditions for this elimination of porosity. I think, 
in this respect, we have something more to look forward to after the 
metal has been treated and tested, in obtaining the best results. 


CHAIRMAN ROMANOFF: Mr. Kelly has restricted himself to the 
effect of gases in melting. You are definitely right. There are other 
things that can cause that trouble. 


Mr. KELLY: We have two variables, metal and molding. If we 
are sure that the metal is under control, we can direct our attention 
to molding. We can make tests to determine the proper conditions 
within our molds. It is my contention that if we can control the metal 
thus isolating our problem to molding, we will solve the problem of 
copper castings. If we do not know whether it is the metal or the 
mold, we are liable to be changing one when we should be changing 
the other. My remarks have been directed towards metal control rather 


than molding. 


Mr. Roast: Should we not bear in mind, in comparing this reac- 
tion of hydrogen, that there is all the difference in the world between 
hydrogen bubbled through 80-10-10 and nascent hydrogen and you can- 
not compare the two on the same basis. 


Mr. KELLY: Mr. Roast’s point on the distinction between molecular 
and nascent hydrogen is well directed. My studies on 80-10-10 are not 
well enough along to enable discussion of the subject. 
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With Molding Results 


By J. J. Bouanp*, Cuicaco, Iu. 


Abstract 


In this paper, the author outlines the growth of sand 
control in the plants of the Griffin Wheel Company. He 
gives the various properties of the sand in various plants 
before and after sand control was instituted and shows the 
desirability of keeping sand properties as constant as pos- 
sible. The fact that since 1935 there has been a gradual 
reduction in loss percentage attributable to molding defects 
throughout the plants, to a point where such loss is ap- 
proximately 4% of 1 per cent, is ample evidence of the fact 
that sand control has paid dividends. Of considerable in- 
terest is a typical cause for a defect termed “breakdown” 
as outlined in a book called the “Wheel Defect Book,” a 
copy of which is in the hands of all molding room foremen 
throughout the organization. This book not only outlines 
recognized preventive methods but certain additional 
methods which are applicable to foundries equipped with 
mechanical units. Another interesting point is an analysis 
of the defects responsible for the highest molding room 
losses in 1935 compared with those of the year 1940. These 
include some 12 defects and it is interesting to note that 
all have shown a consistent reduction, with the exception 
of one. 


INTRODUCTION 


Sand control, from its very nature, took firm hold in the 
foundry industry once the industry became awakened to its pos- 
sibilities; but, as is commonly the case when enthusiasm supplants 
more sober development, the past decade has seen such varied treat- 
ment of this subject, at A. F. A. and local foundrymen’s meetings, 
that some confusion has arisen when attempts are made to de- 
termine the relation of this common material to molding losses 


* Grifin Wheel Company. 


Nore: This paper was presented before a Sand Research session at the 45th 
Annuai A.F.A. Convention, New York City, N. Y., May 14, 1941. 
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ind casting appearance. Operating men in the Griffin Wheel Com- 
pany organization, like foundrymen everywhere, read and study 


the different papers hoping to find a panacea for their puzzling 
problems, but they generally become lost in a maze of claims. The 
condensed summaries, that accompany the more lengthy papers 
and articles, frequently are couched in such technical or scientific 
anguage and terms that the men using sand do not understand 


them. 


2. As is natural, each writer covers his own problem to prove 
the points most important to him and, as a result, we have many 
specialized discussions which have only narrow or limited appli- 
‘ation, rather than the development of principles which would be 
f broad significance. The experience of others helps, but the 
correction for trouble in one foundry may prove detrimental in 
another. All sand changes must be considered carefully before they 
are made gradually in the molding room. In our shops, we stress 
the necessity of moving cautiously in changing sand mixtures or 
n substitution of bonding materials, to avoid going from one ex- 
treme to another. 


ProBLEMs Not RELATED TO SAND 


3. Aside from sand, there are many local conditions that are 
responsible for inferior castings. They can be blamed on sand but 
actually be caused by iron melting temperatures, unbalanced 
chemical elements, rapid iron solidification, delayed pouring, flask 
equipment, pattern design, core binders, gating, venting, mechani- 
eal facilities, and a multitude of other causes involving the class of 
help available, sickness and the weather. To illustrate: 

Using the same kind of molding machines as a success- 
ful foundry uses, but with the wrong kind of flask equip- 
ment, will not produce good results; an inadequate supply 
of compressed air on molding machines will ruin any 
foundry. 


4. On one occasion, the writer recalls strange results in a 
heavy casting foundry where 80 lb. of air was recommended for 
the jolters. This pressure was maintained at the machine until the 
valves were opened, then dropped rapidly due to the lack of a 
sufficient reserve supply. Indifferent results followed. When an 
additional air tank reservoir was installed in the line, the ex- 
pected improvement did not follow until the air pipes leading to 
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the operating valves were increased in diameter from *4-in. to 
2-in. Because so many cures had been tried before changing the 
size of pipes, every foreman in the shop had his favorite opinion 
and it was hard to convince the men that improved air pressure 


was responsible for more uniform eastings. 


Moupinc Room HEADACHES 


>. In another foundry, the defects ‘‘breakdowns’’ and 
‘*drops’’ were encountered on a large seale and attributed to 
sand. The organization went through the process of introducing 
new molding practices, changing the source of sand supp’y and 
adding rebonding agents, but the correction was not found unti 
an observing clerk noticed that both of these defects were confined 
to molds made on one of three cope jolting machines. This focused 
attention on that particular machine, and, although operations 
appeared normal, a good mechanic detected one bolt with half of 
the head cut off. This allowed the pattern retaining plate on the 
machine to shift slightly on the roll-over operation. 


6. When this single bolt was replaced and the plate held 
rigid as intended, good results followed without any other cor- 
rection. Thus the foundry daily headache was averted. 


7. Now each jolter pattern has a special mark to identify 
the machine on which the mold is made. This simple means of 
prompt identification on the casting has been a big help, and the 
foremen wonder why it was never thought of before. Molding ma- 
chines on loose or weak foundations cause many troubles sometimes 
attributed to sand 


8. The author will not discuss the results caused by off iron 
conditions, because they are separate subjects, usually covered at 
cupola sessions. Records on sand will help to prove the answer 
when iron is responsible 


CHILLED CAR WHEEL FouNDRY PRACTICES 


9. The author appreciates the fact that repetition of personal 
or an individual company’s experiences are not always in the best 
taste. However, this paper was requested by those in charge of the 
program to show how a sand testing program was coordinated with 
molding procedure in the chilled iron ear wheel industry, and es- 
pecially how the Griffin Wheel Company worked it out in its 
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foundries. Any success attained has depended upon the co-oper- 
ation of the entire personnel. 


SAND STUDIES 


10. Because of its many phases, when a foundryman starts 
talking about sand, he can indulge in detail without becoming too 
technical. Primarily, any systematie check of sand is educational, 
and those who quibble about the subject do not understand how 
simple, or interesting it is. Our different plant organizations are 
enthusiastic, and their practical suggestions, combined with some 
theoretical knowledge, has produced better results. 


11. Our program is devoid of frills, and replies to inquiries 
are made in non-technical terms. 


WuEEL Moupinac Losses 


12. For years, losses in the molding rooms of the Griffin 
Wheel Company’s foundries have been lower than the average 
for the industry and our different plant organizations pride them- 
selves on their skill in holding losses to a minimum. Those making 
other kinds of castings explain the low loss percentage by sug- 
gesting that ‘‘Losses should be low because they make only one 


7? 


type of casting. 


13. The latter part of this observation is undoubtedly justi- 
fied, but when men who know their way about in jobbing or 


production foundries try making chilled iron car wheels, they find 
that there are all kinds of specialists. There are many different 
types of foundries, but the chilled iron wheel manufacturer is one 
who must work within narrower limits than most. 


MoNTHLY STATEMENTS 


14. The Griffin Wheel Company has 12 plants spread 
throughout the country, and as far back as any of the present or- 
ganization can remember, a monthly statement classifying losses 
by eauses, with the total whee!s made and percentages, has been 
sent to each plant. This report is looked for during the first week 
of each month, and has promoted a competitive spirit that prompts 
each plant organization to put forth its best efforts at all times. 
There is also a cooperative spirit engendered throughout all plants 
to help the man who needs it most. 
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A. F. A. RECOMMENDED SAND TEsTING EQUIPMENT 


15. The first A. F. A. sand testing equipment for any of our 
foundries was purchased for the Kansas City plant in January, 
1930. Prior to that, the vibrating bottle sand tests, advocated by 
the late Eugene Smith, Crane Co., Chicago, had been used at the 
Detroit plant for about 6 years. In July, 1931, the first order was 
duplicated with more complete accessories for the company labo- 
ratory in Chicago. All plants were then advised to send in samples at 
their convenience, and a haphazard checking of sand was followed, 
until a centralized system was established in July, 1934. This in- 
cluded monthly comparison statements that were sent to all plants 
without comments. 


16. Our start was from scratch, and very conservative 
Monthly, each plant forwarded by mail representative samples 
of both heap and facing sands. The laboratory reported on per 
meability, green compression strength and moisture, with quarter], 
readings on fineness. After a short time, the fineness readings on 
facing sands were discontinued. This extra work was eliminated 
because facing is made from heap sands, with sea coal additions, 
and the relationship to heap on sand grain fineness was apparent 


17. The comparison reports distributed to all plants for the 
month of December, 1934, are shown in Table 1 and 2. 


18. All molding room supervisors at plants understood from 
the very beginning that they could send in as many samples as 
necessary to study sand, and when these instructions first went out, 
the laboratory was flooded. Every sample received was analyzed 
more to encourage the sender than for the information obtained. 
It did not take long to find out that, except for moisture, our sand 
did not change quickly. This does not mean that sand cannot be 
ruined rapidly, but it will not happen overnight when following 
measured practices. 


UNIFORM PRACTICES 


19. With little study, it was found advisable to measure new 
molding sand, sharp sand, and the amount of rebonding agent re- 
quired for each mold to maintain good strength with regular per- 
meability, and the molding room men acted accordingly. Instituting 
measured practices and explaining the reason so that our molders, 
or men at sand handling plants, understood what they were doing 
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Table 1 


SAND CONTROL—ALL PLANTS—DECEMBER, 1934 








Samples 
Heap————— 
Com- 
pression pression 
Permea- Strength, Mois- Permea- Strength, Mois 
bility lb. ture, % bility lb. ture, % 
Plant Mechanical Plants 
5.3 7.9 70 5.9 
4.9 7.4 36 5.5 
Kansas City.... 2 6.0 8.1 21 8.3 
Council Bluffs... 5.6 9.5 21 8.2 
Salt Lake City.. 5.8 11.1 32 8.3 
Cincinnati 4.2 8.3 44 8.2 
Minimum .... 4.2 7.4 21 5.5 
Maximum .... 6.0 11.1 8.3 
Manual Plants 
Chicago* 54 5.5 9.5 
Denver 21 9.2 11.4 
Tacoma 40 7.5 15.9 
Boston 54 5.3 7.8 
Los Angeles.... 42 3.8 9.7 80 
Cleveland 73 5.3 12.9 50 
Minimum .... 21 3.8 7.8 9 
Maximum .... 73 9.2 15.9 50 


* Changed to mechanical operations in February, 1935. 
+ Changed to mechanical operations in July, 19389. 
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with new sand or rebonding agents, was a big advance on establish- 
ing uniform daily results. 


20. New sand is placed on top of poured molds to guarantee 
a thorough merging with used sands, and, while experts tell us 
such practices burn out the clay bond in the shake-out bin, we 
have never been able to detect the loss, or develop a better method. 


21. Facing sands are all mulled and the proportions of ben- 
tonite, sea coal and heap sand are especially accurate. 


22. We do not use intensive bonding agents in heap sand 
extensively, and favor the less expensive clays that have been found 
more durable. 


MoLpING AND CorE SANDS 


23. It was natural for us, with the A. F. A. standard testing 
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eguipment available, to check all of the molding sands, core sands 
and elays from deposits in the vicinity of our 12 plants. The Grif- 
fin Wheel Company foundries are spread from coast to coast, and, 
because of transportation charges, are compelled to use sands 


available in their respective localities. 


24. The plant offices have complete records, with pertinent 
information, on file for checking costs or mixtures and their sands 
are blended accordingly. 


Heap AND FAcING SAND SPECLFICATIONS 


25. After accumulating data for about one year without 
pressing the molding room organizations too forcibly, our monthly 
sand contro] statements were arranged to include the recommended 
minimum and maximum, with the desirable on permeability, com 
pression strength and moisture. These specifications are modified 


from time to time as we broaden our knowledge on sands, and we 
know those shown on the monthly reports are not the ultimate. 
At the start, the limits were made flexible enough to meet molding 
requirements in both manual and mechanical foundries. 


26. In August, 1935, when the recommended limits were ini- 
tiated, they read as follows: 


Heap Sand— ——F acing Sand—_—— 
Com- Com- 
pression pression 
Permea- Strength, Mois- Permea- Strength, Mois- 
bility lb. ture, % bility lb. ture, Yo 
Minimum ...... 50 5.0 7.0 50 6.0 7.0 
Maximum ..... 125 6.5 10.0 70 8.0 9.0 
Desirable 5.75 8.5 60 7.0 8.0 
27. There has been good progress, although all of our foun- 
dries do not check exactly with the specifications. Tables 3 and 4 
show the laboratory findings on samples submitted exactly 6 years 
after those reported in Tables 1 and 2. 


Moup HarpNess TESTERS 


28. Each plant was furnished with mold hardness testing 
yauges during the latter part of 1936. The readings are taken 
at four designated points on both the cope and drag sides of the 
molds. They are averaged for each of the points checked on dif- 
ferent weights of wheels and reported to the operating department 
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quarterly. These readings are not necessarily made all the same 
day, and when tabulated, they are distributed to all plants for 
comparison purposes. We are particularly interested in the ram. 
ming of wheel molds because of the influence mold hardness has 
on controlling plate thickness to meet the Association of American 
Railroads weight specifications. 


29. To-date, we have not set up rigid limits for mold hard- 
ness readings, but the molding room foremen advise that this 
instrument is a barometer which frequently exposes faulty condi- 
tions before they become serious enough to cause bad work. 


INSPECTION OF PRODUCT 


30. All chilled iron car wheels for railroad service are in- 
spected and passed for shipment by the Inspection Bureau of the 
Association of Manufacturers of Chilled Car Wheels. This associa- 
tion has access to all operating records, and their specially trained 
inspectors weed out the ‘‘hard,’’ ‘‘soft,’’ and ‘‘weak’’ wheels. 
These are charged against ‘‘cupola losses.’’ After it passes chill 
and strength requirements, and before it is weighed, each wheel is 
subject to a close surface inspection for imperfections under power 
ful lights. 


WHEEL REcoRDS 


31. All blemishes, and the exact weights, are recorded against 
the individual wheel numbers. The records are permanent, and 
wheel manufacturers can furnish complete data at any time on 
short notice. The railroad shop men give the wheels a final in- 
spection when boring and mounting them on axles, to insure re 
quirements are met before they go into service. 


32. For simplification of the records, the defects are classi- 
fied by numbers, as shown in Table 5. 


Derect Book 


33. With such a lengthy list of defects to which practically 
all wheels are subject, and most of them caused by sand or mold- 
ing practices, all the shop men needed, to become interested in sand 
control, was promotion by the management of a plan they could 
follow. For years, all of the molding room foremen have had a 
‘Wheel Defect Book’’ available for ready reference. This book 





J. J. BOLAND 


Table 5 
WHEEL DEFEctT CopE 
(Bad and Superficial Defects) 


CODE 
No. 


CODE 


No. CUPOLA LOSS MOLDING Loss (Cont’d.) 


1. 


10. 
11. 
12. 
13. 
14. 
15. 
16. 


20. 
21. 
22. 
23. 
24, 
25. 
26. 
27. 
28. 
29. 


Hard (High Chill or Small 
Tape) 
Soft 
Tape) 
Weak—Drop Test 
Weak—Thermal Test 


(Low Chill or Large 


TEST Loss 


Company Test 
Customer’s Test 
Special Test 


MOLDING Loss 


(Tread Defects) 
Chill Check 
Blister Check 
Cold Iron (Beads or Wrinkle) 
Heat Cracked Chiller Marks 
Pitted Tread 
Wrinkle at or near Lip 
Sand In Tread 


(Flange Defects) 
Flange Check 
Crushed Flange 
Pop 
Sand in Flange 
Ragged Fin at Apex 
Runout at Apex 
Shifted Pattern 
Strained Flange 
Swollen Flange 
Thin Flange 


30. 
31. 
32. 
33. 


40. 
41. 
42. 
43. 
44. 


(Rim Defects) 
Hoilow or Shrunken Rim 
Chipped Rim 
Strained Rim 
Swollen Rim 


(Hub Defects) 
Core Off Center 
Cut Center Core 
Broken Dish Core 
Drawn Hub 
Hollow Hub 
Raised Dish Core 
Shaken Out Too Hot 
(Body of Wheel Defects) 
Breakdown 
Drop Around Hub 
Blow In Dish 
Coped Up 
Poured Short 
Sand in Plate, Hub or Rim 
Scab 
Sand Wash 


MISCELLANEOUS DEFECTS 
Burst Chiller 

Defective Ladle 

Damaged in Pitting 

Light Weight 

Out of Round 

Warped 

Wrong Pattern or Lettering 
Burst Hub 

Wrong Machining 


describes and lists the most prominent recognized preventative 
measures for each defect. 


34. For a description of this handy foundry dictionary, the 
following is a page from the book covering the defect that causes 
the highest losses directly attributed to sand. 


No. 50—BREAKDOWN 
Description: 


A lump of iron on the face side and more or less sand 
holes on the back in corresponding locations, and oceasionally 
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in the tread of the wheel. The defect is caused by sand falling 


out of the cope side of the mold into bottom or drag side while 


cope is being lowered or after it is in position. 


(a) 


.e) 


(a) 
Ss) 


(h) 


(k) 


RECOGNIZED PREVENTATIVE MEASURES 


Avoid use of defective copes, as described in para- 
graph 1328 of Standard Practice, and have all loose 
bolts tightened before cope sand is rammed. 


Use care in settine down flasks next to finished 


molds, so as not to disturb them. 
Remove all dry sand from cope bars before molding 


Use properly tempered facing and heap sand of 


suitable permeability. 


Keep heap sand of proper strength by adding new 


sand daily and distributing it evenly. 


See that sand in cope dish and over rim of pattern 
is carefully peened and that it is well rammed be- 
tween cope bars. Particular care should also be 
taken to see that sand is earefully butt rammed 


towards cope rim. 


Care should be taken to secure a good even lift of 
cope, especially where solid rim patterns are used. 
If loose rim patterns are used, the rim should be 
drawn carefully to avoid cracking of sand. The 
cope side of mold should be tested before closing 
down by striking the chiller two sharp blows with 
3-lb. hammer. If sand is dislodged the best practice 
is to shake out the cope sand and remold. 


See that cope is closed down evenly and carefully. 
Do not distribute new sand on unpoured molds. 

Avoid clamping mold too tight, especially if rim 
of cope is cracked, although care must also be taken 
to have clamps sufficiently tight to prevent runouts, 


flange checks, and other defects caused by loose 
clamps. 


Inspect mold through sprue openings of dish core, 
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with flash or electric light to detect breakdowns 
around the hub before pouring. 


When wheel is about to be poured, place red hot 
bar or torch under center of mold to ignite gases. 
This will prevent or lessen the effect of gas explosion, 
the vibration of which tends to disturb the sand in 
adjacent unpoured molds. 


(m) Special care must be taken in shaking out wheels so 
that any adjacent unpoured molds will not be jarred 
sufficiently to disturb sand from cope side of such 
mold 


Other Preventative Measures Applying to Mechanical Units 


(n) See that copes are free from fins, ete., when placed 
in service, especially the bars, so as to eliminate any 
possibility of ramming plate contacting such ob- 
structions. 

When bolting up equipment make sure that chiller 
is properly centered with cope, and see that this 
item is watched when equipment is in service. 


See that cope ramming plate is maintained in good 
condition, peens welded to original contour when 
found chipped, and plate discarded when exces- 
sively worn. Be sure that prongs on cope ramming 
plate conform to contour or radius of cope bars so 
that prongs will not ride bars. 


Maintain cope jolters in best possible condition, mak- 
ing adjustments frequently to prevent rocking of 
table, ete. 


See that lift off bail is true and not uneven so as to 
cramp mold when lifting off. This has a tendency 
to crack mold and sand may be dislodged after mold 
is closed down. 


Maintain mold conveyor in the best possible condi- 
tion, regulating speed so that mold will not be un- 
necessarily jarred. 


Center ramming plate over pockets, so that rammer 
will not ride cope bars, causing uneven ramming. 
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(u) See that cope bolts are tight before cope sand is 
rammed. 


(v) In filling cope with heap sand, be sure that sand 
is leveled properly so that settling blows will not 
bring sand below top of bars. 

(w) Regulate settling and ramming blows consistent 
with air pressure, condition of sand and type of 
wheel being molded. 


Moupine Room Losses 


The following shows the progress made on improving 


losses since the first full year that sand control statistics were 
furnished to all plants: 


36. 


All Plants 
Total Molding 


Y ea? Loss Percentage 
1935 1.03 
1936 0.89 
1937 0.85 
1938 0.67 
1939 0.71 
1940 0.56 


The dozen defects responsible for the highest molding 


room losses in 1935, compared with those of the year 1940, shows 
as follows: 


Defect 
No. 


LO 
22 
23 
27-32 
42 
50 
51 
52 
53 
55 
57 
64 





Total Molding Room 


Description of Defect Loss Percentages 

1935 1940 

IE MI nae Fs 1g Rais mien inves (og aoe 0.227 0.113 
Lee ae ac eel PUR Rs 0.021 0.001 
SN i Sy ear ar ps pie 4 .. 0.068 0.043 
Strained (Flange and Rim)............. 0.062 0.021 
SN) SE MINI San 19. 0 & 5-0:08-S ee Wie'e-4 oe . 0.044 0.007 
EE es Ses ee eee 0.106 0.108* 
Oo ee ee -v+« O006 0.024 
Dore waka Gs ie weer Rawee wenn 0.045 0.007 
I Bear oasis. 9 sia ae dis eos ea siesaas 0.060 0.036 
Ne SN ss Og saws WE Re WEES .. 0.026 0.012 
a Bre a ae te geet vag wie 0.031 0.004 
RN CE re Oc alate Simi gwen wd aida 0.028 0.016 


* Two plants contributed to the slight increase. 
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37. On ‘‘breakdowns,’’ there was a reduction of from 0.106 
to 0.064 per cent in 1936, but in 1939, the design of chilled iron 
ear wheels for the Association of American Railroads was changed 
to include brackets on the back plate. This change has contributed 
toward improved results, but an increase was anticipated on De- 
fect No. 50—Breakdown, until we worked out some of the problems 
that generally develop when replacing the flask equipment in our 
molding rooms 


STANDARD PRACTICE BooK 


38. Our founder, Thomas A. Griffin, was a firm believer in 
following the best known practices. During the early years of 
the company’s development, he established a book covering the 
best methods of performing all operations. This 304-page type- 
written loose leaf guide covers detailed rules of our daily work on 
every operation in all departments. These rules are changed as 
better applications are promoted. Visitors, when shown this book, 
usually marvel at the details of practices covered in very simple, 
understandable language. 


9 


39. The object of this remarkable book, that is kept up-to- 
date at all times, was described by one of our employes in 1915. 
as follows: 


‘*Standard Practice is primarily the guidance of the entire 
organization towards the manufacture of the best possible 
product consistent with the minimum cost of production, which 
can only be accomplished by each and every employe perform- 
ing a similar operation, doing it in a similar way—the right 
way—and thereby saving an unnecessary waste of time, labor 
and money.’’ 


With a background built on years of adhering to specific rules. 
those in charge of operations did not hesitate to tackle a sand 
program. It is worth the time of any industrial executive when 
visiting the Griffin Wheel Company to investigate this Standard 
Practice book 


CONCLUSIONS 


40. When losses or cleaning costs are out of line, the answer 
is not always sand, but how it is used can have a decided influence 
on effecting economies. 
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41. Good foundrymen get results with almost any kind of 
sand, but I think we all agree that molding rooms can do better 
work with controlled sands. 


42. Sand control means systematic recording of findings and 
continuous study of results over a long period of time, then using 
the information to advantage. 


43. Advanced methods of molding, either manual or mechani- 
eal, are not complete until guess work is taken out of blending 
and regulating the sand. 


44, There are some men who can guess the condition of sand, 
but hardly as accurately as mechanical measuring devices which 


will establish facts. 


45. There is nothing gained by purchasing sand testing 
equipment and allowing dust and dirt to accumulate on it. The 
appearance of this equipment sometimes tells an interesting story. 


46. Although sand control equipment is mechanical measur- 
ing, there are variations depending upon the individuals perform- 
ing the work. These delicate instruments are generally more ae- 
curate in laboratories than in any clean foundry. 


47. The quality of metal is the most important of the many 
features essential for good results, but foundrymen cannot afford to 
sell sand control short because they do not understand the subject. 


48. When good sand is established in our shops, changes are 
slow, and monthly check appears to serve the purpose, except on 
moisture. 


49. Bad work blamed on sands frequently is lack of good 
supervision. Foundry sands, under the best of working conditions, 
are only as good as the men who use them. 


50. There is still a big tonnage of good sand going into refuse 
dumps at most foundries. Plenty of this sand can be salvaged to 
effect economies. In many instances, better sands are scrapped 


than some of the new sands foundries are using. 
on) 





DISCUSSION 


DISCUSSION 


Presiding—W. G. REICHERT, American Brake Shoe & Foundry Co., 
Mahwah, N. J. 


Co-Chairman—R. F. HARRINGTON, Hunt-Spiller Mfg. Co., Boston, Mass. 


E. PRAGOFF, JR.!: I would like to congratulate Mr. Boland on this 
presentation, which is a very interesting story of what goes on in a 
highly specialized branch of the industry. 


The keeping of records is a very important point that a great many 
of us are prone to overlook. If we decide to make an experiment that 
we are doubtful about, after we have completed it, we often do not keep 
a complete record of the manner in which we made it and the results we 
obtained. 


In connection with paragraph 46, in the latter portion of his con- 
clusions, “Although sand control equipment is mechanical measuring, 
there are variations depending upon the individuals performing the 
work.” We notice that, too. We think that there is a very definite need 
for checking our instruments against others in the neighborhood. We 
have attempted to do that once or twice when our permeability ap- 
paratus seemed definitely out of line and we caught it right away. 


MEMBER: In traveling from one shop to another, are you able to 
find out whether or not change in sand composition changes the weight 
of the wheel, either over or under? 


Mr. BoLaANpD: That is a difficult question to answer. It all depends 
on the effect sand has on trapping gases in a mold. For instance, if you 
do not take gases off rapidly enough, you are going to cause a strain, 
and when you have a strained mold, you produce heavy wheels. As far 
as making lightweight wheels is concerned, we never have blamed sand, 
although it is possible when the sand is out of line on expansion. It 
would have to be quite severe. 


C. B. SCHUREMAN?: Why do you use this high water content? 
You said you like to get it down to 5 per cent, but you are using 10. 


Mr. BoLanp: The moisture content depends upon your facilities 
for handling sand, its grain structure, grain size and clay content. When 
the sand runs high on fines, it is bound to have a higher moisture 
content. The same is true with a high percentage of clay. 


Mr. SCHUREMAN: You are using a semi-synthetic sand, I suppose. 
Mr. BOLAND: Yes. 
Mr. SCHUREMAN: How can you use 10 per cent water? 


Mr. BoLaAND: We do not in our facings. That amount is used in 
our heap sand. In facing sands, we keep below 10 per cent. We have 
plants that will occasionally go over, depending upon the body of their 
heap sand. We use our heap sand to make facing sand. When you have 


‘Hercules Powder Co., Wilmington, Del. 
?Consultant, F. E. Schundler & Co., Inc., Joliet, Il. 
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a high percentage of clay, or a high percentage of fines in your heap 
sand, you are going to use more moisture to cover the grains. That is 
usually at our Western plants. We do not have much trouble in the 
East. 


Mr. PRAGOFF: What is the material used for spraying the surface 
of the mold face? 


Mr. BOLAND: That is an anthracite dust mixed with water, a little 
Amidex and a small percentage of bentonite. The Amidex was originally 
added to hold the pigment in suspension. Eventually, we added the 
bentonite. The Amidex also has some adhesive qualities. 


Mr. PrRAGorr: That gives you a better sealing? 


Mr. BoLAND: Yes and no. If you put it on too heavy, it will spall 
off. We originally recommended that the Baume gravity (heavier than 
water gauge) run between 15 and 18. We have about five plant superin- 
tendents who contend it should be up around 35 or 40. When you go 
that high, it has a tendency to seal the inside of mould cavity and re- 
tard the exit of gases. When it spalls off, you find it in the top plate 
of the wheel. But it is a very fine mixture for producing smooth surface 
castings when used properly. It can be and frequently is abused by 
experienced men who should know better. 


L. B. OsBorN?: Mr. Boland, you spoke of one of your sands as 
having over 6 per cent lime content. I presume that is perhaps one of 
the Mississippi River Valley sands, which do run rather high in lime. 
Do you think it would be possible to effect any economies in the facing 
mixtures, the sea coal or the other materials used to obtain casting 
finish, by using a lime free sand that would have a higher sintering 
point? 


Mr. BoLAND:- You mean to use lime in the facing? 
Mr. OSBORN: No, to get a lime-free sand. 


Mr. BOLAND: That was not a Mississippi Valley sand. It was from 
one of the Western deposits, and we do not have trouble to speak of 
with the appearance of the wheels at the plant using that sand. There 
is a slight indication of iron penetration on the surface of the casting, 
but in the facing sands at that plant, there is only a trace of lime. It 
was a new molding sand that I had reference to as running high in 
lime content, and that sand is so well seasoned before it gets around to 
where we use it for facing that we have never found any more than 
just a trace in the facing sand. 


Mr. OSBORN: With that much lime, wouldn’t you have a tendency 
to create a flux? 


Mr. BoLAND: I imagine so and would not recommend it. We have 
a specification on molding sand which calls for a maximum of one per 
cent lime and we try to live up to it. We are not in favor of using 
sand that has in excess of 6 per cent. 





‘Houglard & Hardy, Inc., Evansville. Ind. 


Cooperation of the Engineer, Patternmaker and 
Foundryman 


E. J. Brapy,* Cuicagco, [La 


Abstract 

In this paper, the author makes a plea for cooperation 
between the engineer, patternmaker and foundryman in 
the interest of securing better castings and increasing 
their field of use. He discusses pattern draft, recommend- 
ing that one degree draft, equal to 1/64-in. per in. is a 
fairly workable rule, although not iron-clad. He points out 
that abnormal shrinkage conditions often exist within the 
same casting and that, therefore, it is often necessary to 
use several different shrinkage allowances within the 
same casting. He gives examples of such cases. In dis- 
cussing gating and risering, he gives advice on what the 
patternmaker should not do rather than what he should 
do. Core prints and crush strips are the next items dis- 
cussed and by means of examples, shows the value of the 
latter. The importance of ram-up cores are next dis- 
cussed and the precautions that the patternmaker should 
take in arrangements for chaplets are listed. He also 
emphasizes the value of cooperation with the core room 
supervisor. Several helpful hints regarding the construc- 
tion of core boxes for blowing machines are given and 
also several on the proper construction of core dryers. 
The author ends his article with comments on various 
types of woods and metals used for patterns and com- 
ments on the use of pressure cast plate patterns. 


1. The making of good, efficient pattern and core box equip- 
ment calls for complete cooperation of the best brains in the 
foundry and pattern shop. Well-planned and properly-built equip- 
ment pays big dividends. 


2. It is regrettable that users of castings and buyers of pat- 
terns too often let the initial cost of good equipment influence them 


* Chief Engineer, Western Foundry Company. 


. Note: This paper was presented at a session on Patternmaking at the 1941 A.F.A. 
Convention, May 14, 1941, New York, N. Y. 
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in buying makeshift and almost unusable patterns. They should 
know a casting is never better than the pattern from which it 
is made. 


3. Every foundry should vest authority in some experienced 
man to make decisions on the most efficient and economical machines 
and equipment that will be used on new jobs before setting casting 
price. In the plant with which the author is connected, we have 
a department devoted almost exclusively to this important plan- 
ning work and every individual job is analyzed before attempting 
to quote casting price. 


4. In the event the customer has his pattern equipment, we 
either accept it as being adequate for his production needs or we 
offer an alternate casting price based on new or revamped equip- 
ment, the cost of which generally can be amortized in a reason- 
ably short time due to the reduced casting price. In the past few 
years, our company has bought many thousands of dollars worth 
of pattern equipment for our customers and, in the event we 
should lose some of this work to other companies, we feel satisfied 
that the foundries receiving it, will recognize the equipment as 
being well planned and efiicient. 


5. To cover each step in the manufacture of good pattern 
equipment would be a large task but the author does wish to dis- 
cuss some of the essentials that are conducive to production of good 
patterns and core boxes. 


PATTERN DRAFT 


6. Pattern draft or taper is that rather necessary slight 
angle given to vertical or ‘‘up and down’’ surfaces on patterns, 
to assist their easy withdrawal from the mold or reversely, to lift 
the mold from the pattern. The more draft or taper, the less 
ehance of disturbance to the mold. 


7. As far as most engineers and draftsmen are concerned, 
draft must be considered an unnecessary whim of the patternmaker 
and foundryman, for the amount of taper allowable on a pattern 
is seldom indicated on the blue print. It is generally left to the 
judgment of the patternmaker and many times he leans backward 
to please the foundryman, only to incur the ire of the engineer. 
When the engineer specifies no draft or minimum draft and the 
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patternmaker tries to follow his instructions, he has the foundry 


on his neck. 










Normal Draft 





8. Oceasionally, we meet the foundryman who is an extremist 





on draft and who will never be quite satisfied until all parts are 
designed either in the shape of a hemisphere or a pyramid. One 
degree draft, which is equal to 1/64-in. per in., is a fairly work- 
able rule, but it is not ironclad and must be used with judgment. 
The use of the largest permissible fillets at the junction of vertical 









and horizontal surfaces often does more good in drawing patterns 





than would: additional draft. 







9. Machine drawn patterns generally require less draft than 
hand patterns. 






10. It is most important that the vertical walls be straight, 
true, and free of low spots or indentations. These surfaces should 
be finished with fine emery cloth or sandpaper and worked in the 
direction of the pattern draw. 







11. [ules applying to pattern draft also apply to core boxes, 
with any difference in favor of less draft in core boxes, due pri- 
marily to less hard packing of core sand and the lubricating effect 






of core oils. 






CASTING SHRINKAGE 







12. The phenomenon of normal contraction in nearly all 

j castings in cooling, is well known and standard shrinkage allow- 
ances have been in vogue for many years. However, shrinkages 
often are abnormal and it is such a condition that the author wishes 

to explain. If patternmakers and foundrymen would consider 
the design of the part, and any abnormal conditions that pertain 
to it, before making patterns, innumerable alterations and adjust- 
ments could be saved, along with some bad headaches. 










13. In some cases, it may be necessary to use several different 
shrinkage allowances on the same pattern in different sections. 
This is particularly true if one side of a certain section is made 
in a core and an adjoining section in green sand. Fig. 1 illustrates 
such a case. 
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Shrinkage Allowances on Worm Gear Housing 


14. In the case of a casting where the inside is made entirely 
in the core, such as a large worm gear housing, unless the core 
is very soft or has a coke center, there will be practically no change 
between pattern and casting dimensions. The flat casting surfaces 
will have a tendency to buckle and it may be necessary to use tie 
bars between the large flat walls to prevent distortion. 


15. In this case if made in cast iron, ;;-in. shrinkage per ft 
is ample, except for the over-all dimension at finished surfaces 
where 14-in. shrinkage should be allowed to make certain that, in 
the event of core being soft enough to contract, there will be suffi- 
cient finish stock which ean easily be reduced later if necessary. 


Assembly with Three Different Shrinkage Allowances 


16. Here the author wishes to show three different gray iron 
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eastings (Fig. 3) that, after machining, are assembled one above 
the other. Very close alignment to each other and close tolerances 
of blueprint dimensions was asked for and were obtained, although 
each pattern was made with a different shrink rule. 


17. Considerable thought was given shrinkage possibilities of 
each part and the shop making the patterns was consulted and 
their opinions respected. Through real cooperation by all con- 
cerned, nearly perfect results were the reward. 


18. The jobbing foundry which assumes responsibility of 
having patterns made for their customers, is in a difficult position. 
The customer is buying castings according to blueprint specifica- 
tions and is not interested in why a casting shrunk too much or 
too little. On the other hand, the pattern shop feels that they are 
free of blame if they have used the accepted standard shrinkage 
for the particular metal involved and if pattern dimensions check 
with that allowance. 


19. The moral of the whole thing is that the foundryman and 
the patternmaker must preview these difficult jobs and arrive at a 
sensible solut:on rather than wild guesses. 


Steel Gear Segments Fail to Match Pinion 


20. A number of years ago, a steel foundryman brought the 
author a pattern, blueprint and casting of a gear segment, asking 
that it be checked. The pattern had been made in his own shop. 
After making eight castings, which were to be assembled to form 
the full gear wheel, he found the pinion would not work in the 
wheel. The author proceeded to lay out this segment (Fig. 4) from 
the bluepr.nt, using standard or common rule for pitch radius and 
other radii parallel to same. He used 4-in. per ft. shrinkage for 
length of chord and section dimensions only. The pitch radius was 
about 8 ft. and it did not take long to discover that the pattern- 
maker had used 14-in. per ft. shrinkage on this pitch radius as well 
as all other dimensions. Although the chordal length on pattern 
was nearly correct, the 2-in. of shrinkage he had allowed on the 
pitch radius of 8 ft., was the cause of ends of casting projecting 
out considerably and preventing pinion meshing properly. Just 
another case of lack of good judgment. 
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Shrinkage in Round Castings 


21. Round castings of the wheel and pulley types shrink less 
than square or rectangular castings. Patterns of the ring type, 
without connecting arms or webs, shrink still less than the pulley 
type. It is a very safe procedure to make all round patterns not 
to exceed 1/10-in. per ft. shrinkage for gray iron and for other 
metals proportionately less than usual shrinkage. 


22. Supervisors in pattern shops should make the decision 
as to the correct shrinkage to use on every job and not put the 
responsibility on the workmen. 


GATING AND RISERING 


> 


23. Next to the thoughtfully-designed and well-made pattern 
itself, there is nothing more important than the correct gates and 
risers for the job. This subject is so broad in its scope that several 
hand books have been written dealing with the problem. Therefore, 
the author’s remarks will be more in the nature of advice to the 
patternmaker of what not to do, rather than broad statements that 
could not apply to an individual job. Every foundryman, whether 
a steel, gray iron or non-ferrous man, has his own ideas of gating, 
based on conditions in his individual shop and he is fully entitled 
to their consideration where gating may be in question. 


Do not attempt to gate or riser intricate or heavy : nd 


Fic. 4—STEEL Gear SEGMENT. 
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non-uniform section castings without consulting the foundry 
that will run the job. But every patternmaker should know 
or learn to gate light simple jobs, regardless of the metal in 
which it is to be made. 


2. Do not cast gates and runners on new matchplates 
unless you are positive it will not be necessary at some time 
to change them. However, casting gates and runners on plates 
has the advantage of ‘‘staying put’’ and eliminates danger of 
tearing up around the joint of the plate. 


3. Do not use gates, runners, and feeders out of all 
proportion to weight of casting. Remelting unnecessarily 
heavy gates and runners costs money. 


4. Do not use gate or strainer cores without furnishing a 
good core box for same, unless you know the standard size core 
prints used in the particular foundry running job. 


5. Above all, do not feel hurt if the reasonably sensible 
gating you have used, is condemned by the foundryman. It is 
a special license he has and patternmakers can do nothing 
about it. 


CorE PRINTS 


24. Here is 2 place the patternmaker has no text book to 
refer to and must rely entirely on his experience and judgment in 
determining the size and length of core prints. He often makes the 
mistake of using his eye as a gauge for size and says to himself, 
‘*that looks all right,’’ when he should consider the support neces- 
sary to carry a certain weight of core as well as the amount of 
surface necessary to guide and hold the core in proper alignment. 
Iiowever, his mistakes are’ not more frequent than those of the 
foundryman who reduces the length or size of core prints to save 
a few inches of sand in a flask, without proper consideration of 
the results. 


25. The author has seen many otherwise fine pattern equip- 
ments ruined and the scrap produced from them unreasonably 
high because a foundry insisted on cutting down size of core prints 
so the job would either fit in some flask at hand or save a few 
shovels of sand. 


26. The author recalls a steel foundry superintendent who 
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was not an expert at reading blueprints. He would lay a full size 
drawing on a bottom board and then go out in the yard to find a 
fask to fit it. Some patternmaker would then be called in to give 
im a price on the pattern. 


27. When it was pointed out that no allowance had been 


made for core prints, he would say — ‘‘why don’t these draftsmen 
show core prints if they want them.”’ 


CRUSH STRIPS 


28. While on the subject of core prints, it is the proper time 
to talk about crush strips and their importance as a part of nearly 
every core print. Their value cannot be over emphasized and it 
s regrettable that more patternmakers do not incorporate them as 

part of every pattern requiring them, rather than have the 
foundry resort to their addition by the use of wax or cardboard, 
in the case of wood patterns, and brass strips, in the case of 
metal patterns. 


29. The size of crush strips is again a matter of good judg- 
ment. They may vary in section from 1/64-in. thick by %%-in. 
wide on core prints %-in. in diameter or under, to %-in. thick by 
5-in. wide on core prints 20-in. in diameter. 


30. The use of crush strips (Fig.5-A) permits a tighter fitting 
core, thus resulting in a more accurate casting, without the danger 
if sand crushing into mold at the junction of core print 1nd easting. 


31. A fillet, in place of crush strips, often is used, but it is 
ess effective and harder to remove in grinding room. On loose 
litting cores, the use of a sand seal (Fig. 5-B) is often helpful in 
equalizing fit of cores and also prevents metal running over ends 
of core into core vents. 


The core is 














Fic. 5—ILLusTxATING THE Use or CrUsH Strips AND A SAND SEAl 
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Fic, 6—DBEarRtNG MoLpep on ENp, ILLUSTRATING (A) TypicaL Core Print, (B) Step Cort 
PRINT FOR PROPER VERTICAL ALIGNMENT, AND (C) Beap To Take CarE OF LOosE Sani 


made in a split core box and ends of core are struck off. Dotted 
lines A indicate a typical core print used on this kind of job 
foundries experience trouble in holding the core in proper vertical 
alignment, due either to the core not being exact length or bottom 
face of core not being at right angles to vertical center line. If 
an offset or step core print is used (B), trouble can be avoided 
as the face of the step is made in the core box proper and, if cor 
box is true, the core also will be true. Length of core should be 
slightly shorter than core print so, in event sand is shaved when 
setting core, proper location will still be maintained. A small bead 
(C), around the edge of the core print, also will take care of 


loose sand 


33. At the author’s plant, patterns are received every day 
that, on the whole, are well-made and nicely-finished but which 
lack some of the many refinements for which the foundryman 
would thank the patternmaker. Crush strips are one of them. 


Ram-Up Cores 


34. The why and wherefore of ram-up cores is a big subject 
and one to which patternmakers can well give some thought. A 
few of their important uses may help to bring to the minds of 
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foundrymen and patternmakers occasions where they can be used 
to good advantage. 

1. Deep or bad pockets, where nails, soldiers or gagers 
would ordinarily be used. 

2. Straight up and down walls, where it is difficult to 
get a good lift or pattern draw. Often, where a set core is 
used, more accuracy can be obtained if conditions permit the 
use of a ram-up core. 

3. Asa support for core prints, where the weight of the 
core is out of proportion to the size of openings. Also, as a 


more rigid anchorage for long vertical cores. 
4. In eonjunction with use of button or box chaplets, 
so as to give a more rigid surface support. 
[xperienced foundrymen will recall many more uses. 
35. And to patternmakers—if a pattern you make ind‘cates 
that ram-up cores would assist the foundryman in making a good 
or better casting, then furnish a ram-up core box. Save the foun- 


dryman much annoyance and gain for yourself his friendship. 


CHAPLETS 


36. Most patternmakers do not associate the use of chaplets 
with the function of making a pattern but the author is sure that 
they realize chaplets must be used in the support of cores on many 
jobs. Innumerable new jobs requiring chaplets are received in a 
foundry without a blueprint. of same and it is with considerable 
trouble that wall thicknesses must be determined so the correct 
size of chaplet can be selected. 

37. The patternmaker can assist the foundry greatly by 
doing as follows: 

1. In case of medium or large-sized wood patterns, indi- 


cate, with a colored spot on pattern, logical location of chaplet. 


2. At this spot, stamp thickness of chaplet to be used. 


-- 


3. If stud or button chaplet is to be used, provide suit- 
able size of ram-up core box with a hole in the approximate 
center of same, so it can be placed on a corresponding pin 
on pattern. 
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4. If wall thickness is quite thin, it will be necessary 
to provide a boss on either the inside or outside of the casting 
wall, so that there will be a sufficient amount of metal sur. 
rounding chaplet to make a good weld. 


5. Where radiator chaplets are used, a small round meta! 
button should be provided at proper location and of sufficient 
height and diameter to insure a good weld. This button can 
be placed either in the core or outside on pattern, and ground 
off flush on casting, if necessary. In the use of radiator chap.- 
lets, where cores exert considerable pressure against chaplets, 
it is often hard to hold wall thickness, due to the chaplets 
being rather sharp and sinking into core. This trouble can be 
overcome by ramming up a thin metal dise in core box opposite 
to chaplet location on pattern. 


6. On matchplates, chaplet size should be stamped on 
edge of plate. 


38. The jobbing patternmaker may argue that this chaplet 
business is up to the foundry. Inasmuch as this work ealls for 
accuracy, the author is paying the patternmaker a compliment 
when he says the patternmaker is best qualified to do it. This is 
just one of a few more little things to do to secure the good will 


of foundrymen. 


39. The modern core room is just as important as the mold- 
ing department and an efficient core room superintendent is a 
blessing to any foundry. What has been said about consulting the 
foundryman in regard to pattern equipment, applies equally as 
well to consulting the core room supervisor in regard to making 
core box equipment. 


40. The author has operated and worked in enough pattern 
shops to know that many times there is a sort of carelessness when 
it comes to making core boxes required on a job and which does 
not apply when making the pattern. With some patternmakers, 
one would think that core sand was a magic material that could 
turn around corners or bend like a piece of rubber and, when box 
is drawn, jump right back to the proper shape. 


41. As stated before, the rules for draft and a smooth finish 
apply equally to core boxes and patterns. 
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Core Boxes for Blowing Machines 


42. In recent years, the core blowing machine has become 
an important tool in the modern core room and it is understand- 
able that most patternmakers have not had the opportunity of 
becoming familiar with the construction of core boxes to be used 
yn core blowers. 


13. The difference in blower boxes is not difficult to under- 
stand and the following suggestions may be helpful: 


1. Core boxes for blower machines should be made con- 
siderably heavier and stronger than bench boxes, as they are 
subjected to air pressures of 80 to 120-lb. 


2. The flange at joint of a core box should follow the 
entire contour around core box and be not less than 1” wide. 
Faces of flanges on split core boxes should be a close fit, to 
form a good seal so sand and air cannot blow out at joint. If 
sand starts blowing through the joint, it will not be long until 
the box is unusable and refacing of the joint is necessary. 


3. It is advisable to use a replaceable steel facing on 
flange joint. 


4. The outside top and bottom of all metal core boxes 
should be machined parallel. On small core boxes where hori- 
zontal air clamp is used, it will be necessary to machine the 
box parallel on two sides as well and at true right angle to 
top and bottom. 


5. On long but rather narrow boxes, a rib about 114-in. 
wide should extend the full length of top half of box at center 
and flush with bottom ends of the box. This provides a place 
for drilling of blow holes, rather than using a number of 
bosses which may prove later not to have been located prop- 
erly. All bosses or pads should be amply large so, when blow 
holes are drilled, sufficient surface contact remains to form a 
good seal between core box and mounting plate. 


6. It is rather difficult to lay down any ruies for proper 
location of blow holes and air vents, for on many jobs, it is a 
matter of trial and error. However, if the patternmaker knows 
the job is going on a blower machine, by all means consult the 
foreman of the core room first. 
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7. Except in the case of vertical split core boxes or 
where the core is blown directly on a plate, it is nearly always 
necessary to provide core dryers. 


Core Dryers 


14. When it comes to making a good core dryer, the core 
room foreman is justified in saying to most patternmakers ‘‘ You 
and your education.’’ Just as much care and accuracy should be 
used in making a core dryer pattern as any other part of the equip. 
ment. A few hints may be of some value: 


1. Either a plaster or lead slug should be made fron 
the core box and the dryer pattern fitted to it, making du 
allowance for shrinkage in dryer castings and allowing proper 
clearance on up and down surfaces. Small fitting pads shoud 
be provided on the joint of the dryer pattern so that dryers 
ean be ground true and to the proper height. A large number 
of small holes should be put in bottom of the dryer patten 
to provide uniform heat distribution when drying cores. This 
also reduces drying time and saves weight in the dryer. Thes¢ 
holes should be countersunk outside, to guard against defacing 
of core. 


2. A good drilling jig, that fits core box accurately 


and is provided with hardened drill bushings, should be used 
to assure a good fit on the core box pins. 


3. <A well-designed dryer should be as light as possible 
but well ribbed to prevent warpage. 


4. A dryer pattern should be gated properly, to insure 
normal contraction of the casting and thus ayoid warpage and 
extra labor in fitting. 


5. Most core room foremen with which the author is 
acquainted, are not very affectionate but patternmakers might 
try working with them, thus winning their respect along with 
that of the foundryman. 


MATERIALS 


45. Records, kept for many years in operating pattern shops, 
reveal the fact that the cost of all material in the average run of 
making wood patterns is only about ten per cent of the total cost 
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{ labor. The average material cost on all classes of metal patterns 
runs about 25 to 30 per cent of labor cost. This being true, it 
seems false economy to use materials that produce inferior patterns 
and add to the labor cost. 


Woods 

16. A good quality of northern white pine has no equal in 
making soft wood patterns and there is no comparable substitute 
‘or genuine mahogany for hardwood patterns. 


Metal 
In making or buying white metal castings for use as 


master or temporary metal patterns, a good clean mixture of 


proper proportions to produce a nearly non-shrinkage casting 


shou'd be used. Do not use burned, dirty metals of unknown 


analysis. 


Pressure-Cast Pattern Plates 
48. In late years, a process of making aluminum matehplates, 


9? 


and other castings by what is known as the ‘‘die’’ or ‘‘ pressure 
‘ast’? proeesses has been developed. Molds are made of a plaster 
composition and are thoroughly dried before using. A method of 
pressure is applied to the molten metal, when pouring, and, as in 


other types of die mold castings, more accuracy is obtained. 


49. Broad claims are made for their superiority over sand 
‘ast aluminum plates. Some of the claims are justified, but perfec- 
ton has not been reached. However, buyers of matchplates should 
encourage further development by using them on as many classes 
of work as possible. 


50. In the author’s opinion, the chief advantage is economy 
in production of matchplates, having two or more patterns on a 
plate. A single master, where there are only a few patterns on 
plate, or a gate section of several small patterns, is all that is 
required, as the mold is made in the necessary number of sections 
and assembled for casting. 


01. The claim is made that a wire brush cleanup is a!] that is 
required to finish these plates. This is not quite true but many 
plates do require less work than the sand cast ones and dimensions 
generally check very closely. Another advantage is less shrinkage 
or undercut at the junction of pattern and plate line. 
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52. A disadvantage is, that on heavy sectioned pattern 


metal is likely to be very porous and filled with gas or blow holes 
The metal used does not take the high polish of good No. 12 
aluminum. 


53. It is good common sense to pay a premium for extra good 
metal pattern castings. Your men will do more work and be hap 
pier about doing it. 


Wood for Match Boards 


54. Pattern shops supplying foundries with wood or metal 
patterns, mounted on matchboards, now can secure hardwood, 
birch, plywood, mounting boards at several lumber companies 
They can be obtained in 34-in. and 114-in. thicknesses with outside 
plies heavy enough to true up by hand planing. Their cost is com- 
parable with soft wood boards. 


55. These boards have the advantage of resisting wear and 
are not dented easily or scuffed to mar flat surfaces of the casting 
where the pattern is mounted on one side of the board only. Pat- 
terns are less apt to become loosened when secured properly on 
hardwood. 


CONCLUSION 


56. As a final word, just a little tribute to each of the pro- 
fessions that help produce the modern, and we believe, indis- 
pensable metal casting. 


l. To the designing engineer, who is ‘‘casting minded’ 
and best knows that there is no substitute for a good casting 
and then starts the ball rolling for the rest of us. 

2. Toa real creator, the patternmaker, who takes a piece 
of blue paper, covered with a maze of white lines and, with 
a block of rough wood or a few pieces of metal, fashions the 
object of the engineer’s mind. 


3. To the foundryman, who next takes this thing called 
a pattern and, with the aid of a box of sand in which to pour 
his molten metal, produces the basic parts of a million useful 
things. 





)ISCUSSION 


DISCUSSION 
Presiding: VAUGHAN REID, City Pattern Works, Detroit. 


MEMBER: Mr. Brady, in regard to these plates that are used 
n cores in connection with radiator chaplets—As I understand it they 
are made both round and square and are attached to the core? 


Mr. Brady: You mean the disk to prevent the radiator chaplets 
from sinking into the core? Well, the disks that I referred to are just 
little washers. They could vary in size from %-in. in diameter up to 
one-in, in diameter, depending upon the amount of bearing you want 
to get. 

They are very thin, probably made of 28 or 30 gauge sheet tin. 
You can buy them from any of the companies manufacturing chaplets. 
They have them in stock. They can be placed either in the core box 
itself, by putting three small pins in bottom of core box to locate them, 
and then rammed up and baked with the core, or they can be placed 
on the core afterwards. 


We have one job in our shop now where it is impossible to ram the 
disk up in the core, so we have made a small indentation in the core 
just about the size of the tin we use, and the molder just drops the small 
tin in that spot after setting the core. Without that, it would be impos- 
sible to hold the core in place because there is so much surface area that 
the lift of the core would sink the sharp chaplet right into the core 
itself. 


FRANK CECH!: Mr. Brady, in this paper, page 755, concerning the 
gear segment, you have reference to large patterns, do you not? 


Mr, Brapy: Yes. The pitch is an 8 ft. radius. 


Mr. CecH: Would you say that the radius, that is the dimensions 
of the radii, should be in common rule and the chordal dimensions should 
be in shrink rule? 


Mr. Brapy: Yes, that is right. There is no particular reason why 
a casting in the form of a segment should shrink towards that center 
of the radius as there is no pull from that point. 


Mr. CecH: I will back you up on that. We made a rule that any 
dimension in the radius was to be made to standard rule. The chordal 
dimensions were made to the shrink rule. 


Mr. Brapy: Oftentimes, the patternmaker in laying out a job, 
decides to use, let us say, our %-in. shrink rule. He starts using it 
and rather than switch back and forth, he carries on with that rule 
throughout his layout. He perhaps does not realize the difficulty it may 
cause in the casting later on. 


R. A. PARKER?: I wanted to ask how much has been done towards 
standardizing patterns so that in the case of metal patterns one could 


‘Instructor, Cleveland Trade School, Cleveland, Ohio. 
? Treasurer, S. P. O.. Inc., Cleveland, O. 











766 COOPERATION OF ENGINEER, PATTERNMAKER AND FOUNDRYMAN 


be assured that metal thickness and ribbing would be to definite speci- 
fications. Usually we find that quotations on pattern equipment read 
“one first class pattern equipment” without any mention made of what 
first class specifications are, such as metal thickness or construction 
What has been done about that? 


Mr. Brapy: I do not believe anything has been done to standardize 
metal sections. I think most patternmakers have a good idea of the kind 
of a section that we are going to put into a core box or into a pattern 
I think it would be a hard matter to lay down any rules because so 
much is dependent upon the shape of the core box or pattern. 


Some core boxes form their own ribbing. If it is a square section 
core box, you have a very strong box to start with, whereas in a core 
box with deen pockets, it may be necessary to rib between the pockets 
to prevent the core box from twisting out of shape. That is especially 
true of core boxes used on a blowing machine. They must be made heavy 
enough and ribbed properly, otherwise, they will break down in use. 


Mr. PARKER: There was another question I had in mind. You men- 
tion the use of core boxes. You also mention the substitution of ram-up 
cores for dry sand cores. However, if it is possible to make a job green 
sand without ram-up cores, you would rather make it in green sand. 


Mr. BRADY: Yes, but there are times when the ram-up core is pre- 
ferred. The job I referred to was a little heat control casting. It was 
perhaps not over 2-in. in diameter, but it was 5 or 6-in. in depth. In try- 
ing to make a wall of green sand like that stand up, (we could mold it 
possibly in green sand) we might encounter considerable trouble in 
washing or tipping or in venting properly, whereas a ram-up core gives 
us a perfect job, as to wall thickness and insures proper venting. 


Mr. PARKER: How do you apply a rule that could be used to take 
sare of different variations in shrinkage. Say that you are going to 
use a core on the bottom side of a casting and making the top in green 
sand. What rule would you apply there? What shrinkage rules would 
you use in making the patterns? 


Mr. Brapy: Well, I do not believe it makes any difference whether 
the green sand section is in the cope or in drag. However, if the core 
is completely surrounded by metal, my rule is to use y-in. shrinkage 
per ft. for gray iron, and other metals proportionately. 


Mr. PARKER: If a core can be made so that you can put coke or 
other suitable material in the inside and allow it to collapse, when con- 
traction takes place, you would not have to use the shrinkage com- 
bination? 


Mr. Brapy: That is true if the core is made soft enough, or if it 
is just a thin section of a core that has a green sand cushion in between 
so there is some flexibility. However, a core is a pretty solid thing, 
sometimes as hard as brick, especially the smaller cores. It is expensive 
to dig out a core and put coke in, and it is a mussy operation. Most 
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-ore makers object to doing it. It is all right on 3 and 4 ft. valves to 
lig out the center and fill it up with coke, but on small production jobs, 
if the core is like the one I showed, where the dimension is about 
8x12-in., to dig that out and fill it up with coke, is not practical. 


It is a great deal better to regulate it with shrinkage allowance, 
which is I think, an easier matter by far. 


Mr. PARKER: I do not agree with you on that—a great deal. 


Mr. Brapy: Well, it is easier. I am taking the foundry standpoint. 
After all, I am working for a foundry company, and my remarks are 
n line with what we consider the best practice in the foundry, and not 
what the patternmakers may consider the easiest way to make a pattern. 


Mr. PARKER: Well, I do think the progressive patternmakers usu- 
ally take the foundries into consideration a great deal, and they do try 
o work along with the foundry. 


Mr. Brapy: I believe that is true now more so than ever before. 
However, I think they have a long way to go to satisfy the foundryman. 


Mr. PARKER: I think that if there was a little bit more cooperation 
between foundries and pattern shops, it would help a great deal. 


Mr. BraDy: I agree with you and that is what I am striving for 
-to point out to the patternmaker where he can be very helpful to the 
foundry without it costing him anything. 


For instance, when I spoke of crush strips around core prints, the 
patternmaker can include them while he is turning up his core prints. 
It would cost nothing to do that on round core prints. 


Just recently we received five or six beautifully made patterns. 
I have never seen patterns made any nicer. They had good glue joints 
and there was not a complaint to make about them, only the pattern- 
maker left off the crush strips. Those jobs will cost us in labor about 
16 hrs. time to add the crush strips necessary and there was no occasion 
for the patternmaker to leave them off. We cannot very well go back 
to the customer and ask him to pay for the time it took to put those 
crush strips on. 


H. L. Rusovitrz*: Getting back to this gear segment on page 755, 
maybe this is going to start the fight we are all looking for. I have a 
notion that the amount of shrinkage allowed on the radius in this pat- 
tern would not make any difference. I rather think that the gear seg- 
ment has a tendency to open up causing the trouble rather than the 
shrinkage difference between % and %-in. 


Mr. Brapy: What you say may be true provided it was not gated 
properly. The gates would have a great influence in holding it together, 
or opening it up. However, we are assuming that there was no distor- 
tion of the casting, and it remained true to the pattern after cooling. 


8 President, Newark Pattern Works, Newark, N. J. 
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When you get back home, lay out an 8 ft. radius and take a sector of 
% of that circle, and you will find it amounts to close to %-in. on each 
end. The difference between an 8 ft. radius with a standard rule and 


an 8 ft. radius plus 2-in. shrinkage is considerable 


In this particular case, the casting was guted on each end and 


poured two up, and I believe the gates had no influence on the casting 
whatsoever 


Mr. Rupovitz: That is all the more reason why I think that casting 
opened up, which enlarged the periphery of that casting. 


Mr. Brapy: There is a whole lot to what you say, but I made a 
point of checking the casting with the layout and it was very true 
to the layout 


Mr. CECH: I have had some experience with that particular type 
of casting. My general experience has been that the iron will follow 
the are in shrinking, and not the radius. That is in the core. In that 
way, it just seems to run together and that is the point that Mr. Brady 
s trying to bring out. 


Of course, you always run into this where you have to experiment 
with castings in the foundry to prevent warping. You will never get 
away from it. 


Mr. Brapy: What you say is true. That is all the more reason 
to use the standard rule. 


Mr. CECH: I am not questioning that part of it. [ am just talking 
about the feasibility of it. 


Mr. Brapy: You were afraid that I was making the error of not 
checking for distortion of the castings, but I did check it and the proof 
of the whole thing was that I made the new pattern with a standard 
rule. The new castings made from the changed patterns were assembled 
to form a turntable for an electric furnace. They went together with- 
out a hitch, and the pinion worked satisfactorily. After all, it is the 
results that count 
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